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SUMMARY

Indicial and sinusoidal force coefficients are reported in _erms of

analytical solutions and tabular output samples of digital computer pro-

grams. The sinusoidal results are made available primarily for purely

sinusoidal problems and for checking the extension of the indicial

functions to arbitrary time dependence. Both sets of results are given

in terms of generalized forces for which the mode _hapes and upwash

distributions are polynomials in spanwise and chordwise coordinates

based on an origin at the center of the leading edge. In contrast to

earlier work_ the present results include generali_ed forces for which

modal and/or upwash distributions of odd degree in the spanwise direction

have been made symmetrical. These distributions ar_e essential for a

general analysis of symmetrical vibration problems.

INTRODUCTION

The purpose of the present report is to exten_ the nulaerical tools

for unsteady supersonic flow to such a point that _ symmetrical flutter

or gust-response analysis could actually be performed for linearized

potential flow with arbitrary time dependence. The results presented

herein are exact for a class of wings with strea_vlse side edges and

supersonic leading and trailing edges. The class considered is comprised

of those thin rectangular wings for which a Mach llne from a leading

corner does not cross the opposite side edge, and certain of the results

are further restricted so that Mach lines from the two leading corners do

not cross on the wing. Generalized forces are derived for prescribed

upwash, where the mode shape_ forced are polynomiaJs in chordwise and

spanwise coordinates. The spatial dependence of the upwash is also

represented by polynomials while the time dependence is indicial for one

set of results and steady sinusoidal for another s_Z. The indicial results

can be extended to arbitrary time dependence by means of the Duhamel

integral and the sinusoidal _esults by means of th_ Fourier integral.
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Miles (refs. i and 2) has given formulas which could, at considerable
length, yield numerical generalized forces for the sinusoidally oscillating
rectangular wing; and Lomax, Fuller, and Sluder (ref. 3) have obtained
manyn_merical results for the corresponding indicial case. The present
report extends the results of reference 3 to include odd-degree spanwise
modal and/or upwashpolynomials which have been madesymmetrical; and
this extension is required for a general approximation of actual wing
mode shapes in symmetrical vibration problems. Since the formulas of
references i and 2 are generally unintegrated, the numerical results of
the present report represent a necessary extension for the sinusoidal
case. Additional theoretical work related to the problem considered here
can be found in references 4 to 9. In particular, an appendix of refer-
ence 9 describes an IBM 704 program for extending reference 2 to get
pressure distributions on an oscillating rectangular wing of rigid chord
in supersonic flow, as opposed to the generalized forces on a similar wing
of flexible chord found in the present report.

The numerical results tabulated herein are merely output samples of
IBM 704 programs. Additional information on these programs, or their
conversion to other computers, is obtainable at the AmesResearch Center.
For the sake of continuity and completeness, the results have been derived
directly from the basic equations of the problem.

NOTATION
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g(t)
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Jr(
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,,pq

aspect ratio

velocity of sound

wing semispan

wing chord

typical term in solution

time dependence of upwash

integral

Bessel functions as defined in reference i0

_c o
or

2V 2M

generalized lifting force
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c_

h

P

complex amplitude of sinusoidal generalized lifting force

V
Mach number,

exponents of _ in upwash

pressure on wing surface

pressure in free stream

of <_} in generalized forceexponents

dimensionless generalized force coefficient

dimensionless complex amplitude coefficient of sinusoidal

generalized force

free-stream dynamic pressure

wing plan area

Laplace time transform variable

time

at

c o

free-streamveloclty

upwash_ _z

coefficient of upwash on the wing

space coordinates fixed in the wing

vertical displacement of wing surface positive upward

J_2Z2 + 2 +
Mhs $2

a a2

Laplace x transform variable

air density

velocity potential function
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Laplace t transform of

Laplace x transform of

Laplace x,t double transform of

angular frequency of oscillation

_e o

(--) Laplace time transform of ( ) in s

()in

or complex amplitude of

OUTLINE OF ANALYSIS

The analytical treatment of the problem is based on the linearized

potential flow theory applicable to thin wings and small angles of attack.

The linearizing approximations of the wave equation and their limitations

are discussed critically in chapter I of reference 5. The form used here

is equation A2 of table I of that chapter. The differential equation of

the velocity potential is

i
"_a@xx + _yy + _zz - a_ _xt - a-2 _tt = 0 (I)

The coordinate system (x,y,z) is fixed to the wing with the relative

free-stream velocity V in the direction of the positive x axis. The

undisplaced wing surface lies in the plane z = 0 and the surface executes

small movements from that plane. Boundary conditions at the wing surface

are approximated by the potential _ or its derivatives for z = O. When

boundary values are discontinuous through the surfacej the upper value

will be used as obtained by letting z _ 0 through positive values.

The given boundary value here is the upward velocity component of

the air at the surface of the wing. This upwash is given by

W(x,y,O,t) : _z(X,y,O,t) (2)

and can be obtained from the motion of the wing by

W= Zt +_Z x

where Z(x,y,t) defines the vertical displacement of any point on the

wing at any time. The upwash can also be obtained from a gush.
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The resulting aerodynamic pressure change on the upper surface of

the wing is given by

P - P_ = -P(_t + V_x) (4)

and the requirement of the same upwash on both sides leads to a reversal

of the sign of the pressure change across the wing and a pressure differ-

ence, or local lift, of

Ap = -2(p - p_) = 2p(_ t + Vg x)

The undisplaced wing lies

in the plane z = 0 with lead-

ing edge at x = O, side edges

of y = ±b, and trailing edge

at x = co (sketch (a)). The

boundary conditions require

that the upwash have a prescribed

distribution on the wing and that

the pressure be continuous off

the wing except for analytical

discontinuities in regions that
do not influence the flow on

the wing. Since no influence can

be propagated upstream in super-

sonic flow_ it is not necessary

to require an analytical solution

to satisfy any conditions _n the

region x > co .

The analytical formulation

of the boundary conditions is

stated in appendix A_ equations

(A2) through (A6). Solutions

are first obtained in general

form for all positive x and t.

This is a mathematical conven-

ience that does not affect the

results for finite x and t

-b

¢9

+b

Sketch (a)

y

because no influence can propagate backward in those coordinates. Partial

solutions are obtained for single side edges and for no side edge and

these are combined to form a solution satisfying all required conditions

for a limited range of x.

The method of solution is based on the use of Laplace transforms in

x and t to obtain a transformed differential equation and boundary

conditions in the two independent variables y and z. The heart of the

mathematical problem is in the mixed boundary condition arising at a

streamwise edge and is stated analytically in equation (A16) with boundary
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conditions (A2_I) through (A24). This problem has been successfully

attacked by several methods including those of references i_ 2, 3_ 7, 8j

and ii. The method used here is similar to that of Landahl (ref. ii) but

is simplified since the use of Fourier integrals has been avoided and the

solution has been worked out in detail.

The Laplace inversion in x is performed for the single side edge

case of boundary conditions (A21) and (A22) and the resulting time trans-

formed potential _I is given in integral form in equation (A33). This

is included to emphasize the difference between the influence function

for time-dependent flow and that for steady flow. The result is stated

in equation (A33).

The solution of equation (A16) and boundary conditions (A18) to (A20)

usable for small x is given in equation (A47). An alternate form is

obtained in equation (A48).

At this stage of the analysis specialized boundary values are

introduced and form the subjects of appendixes B, C_ and D. The upwash

is taken in the form

x(JmJW(x,y,O,t) = Wog (t) _O
(6)

for

, lylSb ,

The time dependence is taken in two forms:

g(t) = _'Indicial
L_

t>O

t<O

t>O
(7)

Sinusoidal
<(e_ t<Og(t) = i_t t > 0

(8)

The indicial case yields a transient solution for small t and the

steady-state solution for larger t. The sinusoidal case yields a

complicated transient for small t and the steady sinusoidal solution

for larger t. The steady state starts at

C o
t-

V - a

(9)

The transient sinusoidal solution is not considered here.



Results are presented as weighted integrals of the local lift of
equation (5),

x(j= _ f 2P(q_t + V@X)z.o e_ dy dx

o -b

(io)

and this generalized lift is given in a dimensionless coefficient

so that

co b

q_SWo , (qOt + VqOx)
o -b

z--o _o d.x
(il)

_Wo (12)
V

This generalized force coefficient _ is thus defined to be

independent of the coefficient W o of equation (6) making it necessary

to reintroduce Wo in the formulation for generalized lift in equation

(12).

RESULTS AND DISCUSSION

Nature and Applicability of Results

The generalized force coefficients for Judicial time dependence,

(to), are given in equation (C17) and amplitudes, _ (_), of coeffi-

cients for sinusoidal time dependence are presented in equation (DI3).

In addition, because of limitations in the numerical computation, equa-

tions (DI5) and (D33) are given for the special cases of zero frequency

and infinite frequency, respectively. The subscripts m and n in these

force coefficients are the exponents of x and y in the upwash distri-

butions, with the origin of coordinates at the center of the leading edge.

The superscripts p and q are the exponents of x and y in the modal

distribution which is forced, that is, the weighting function. All odd-

degree spanwise distributions are made symmetrical. The solutions Just

described are applicable for low supersonic Mach numbers, M, and for

aspect ratio, A, greater than 2/_- I if either the modal or upwash

spanwise distribution in the generalized force is of odd degree, or

greater than 1/_- i if both are of even degree.



The most usable results of the present report are IBM 704 programs

for _ (t O) and _(_). The programs can accommodatevalues of the
upwashexponents, m_n, and the modal exponents_ p_ q, from 0 through 5.
If higher exponents are desired_ the programs can be extended with minor
modifications. The program for the indicia! time dependenceprints values
of the force coefficients_ _ (to) _ for equal increments of the dimension-
less time t o (defined under Notation) in the ranges 0 _ t o _ !/(M + I)
and I/(M + i) _ t o _ I/(M - i). The numberof values of t o in each
range is an input quantity. Similarly 3 for sinusoidal time dependence_
the numberof values of reduced frequency k (defined under Notation)
desired in the ranges 0 _ k _ 0.5, 0.5 _ k _ 1.0, and 1.0 _ k _ 2 is an
input.

Limited numerical results are presented in table I for indicial force
coefficients, _ (to), and in table II for the sinusoidal amplitudes,

(_). These results serve primarily as samples of the 704 program but
maybe directly usable for problems which happen to have the appropriate
parameters, in these tables the upwashexponents_ m, n, and the modal
exponents, p, q, range only from 0 through 2 for a Machnumberof 1.2 and
an aspect ratio of 4. The n and q desigmations in tables ! and II
indicate that the values of n and q can be interchanged, that is, there
is reciprocity between the upwashand the forced modein the y, or
spanwise direction (this being a special case of equation (39) of ref. 3).
Im table i, the dimensionless time to ranges from 0 to 5, the latter
being the steady-state value of t o for a _ch numberof 1.2. In table
ii, the reduced frequemcy k ranges from 0.02 to 2; and the avoidance of
k = 0 indicates a weakness in the machine computations (due to _ in the
denominator in equation (DI2)), which will be discussed later. Spot checks
indicate that the numbers in the tables_ amdhence the programs, are
accurate to ±i in the fourth figure, or better.

As indicated in the Introduction, the indicial results can be used
for arbitrary time dependenceby meansof the Duhamelintegral and the
sinusoidal results by meansof the Fourier integral. There is someindi-
cation, however, that the present indicial results are more readily usable
in this fashion than are the present sinusoidal results. The reason for
this indicial perference is that the entire range of variation with
(dimensionless) time is tabulated herein for each indicial function while
only a small portion of the variation with (reduced) frequency is tabulated
for each sinusoidal fumction, and this makesthe superposition for arbi-
trary time dependenceeasier and more accurate for the indicial case. The
full-range tabulation for the indicial case is possible because the entire
variation in the aerodynamic force for an indicial function in supersonic
flow takes place over a short period of (dimensionless) time. In contrast,
the sinusoidal functions vary over a range of (reduced) frequency from
zero to infinity, and the relatively small range of actual tabulation
described earlier is madeavailable primarily for such p_reiy sinusoidal



problems as m_y arise and for checking the time superposition of the

Judicial results. It is expected that the advantage just described for

the indicial function will be maintained when th__ equations of motion are

solved by direct numerical integration with respect to time, as opposed

to a transform method. The superposition of indicial functions by means

of the Duhamel integral is illustrated in equation (31) of reference 3,

among other places.

It should be noted at this point that the analytical indicial

coefficients of the present report agree with those of reference 3 for

the even-degree spanwise distributions contained in that reference. The

basis for this analytical check is the table of the function J(g,n) in

reference 3. In addition, for the particular four columns in table I that

have immediately corresponding columns in reference 3, namely, the three

with n = q = m = 0 and p = 0, i, 2_ plus a fourth column n = O, q = 0,

m = i, p = i, the beginning and end points show numerical agreement. The

probability of further numerical agreement is indicated by the nearly

identical indicial-function values at nearly corresponding dimensionless

times between the end points. These comparisons tend to validate the

indicial program. In addition, certain of the sinusoidal results agree

with calculations for specialized cases as given, for exsmple, in

references i, 2, 7, and 8.

Comparisons Between Indicial and Sinusoidal Results

When equation (C17) is written for to = I/(M - i) (steady state)

and is compared with equation (Di5), it is seen that

o_> M - (13)

This is to be expected since both specializations are for steady state,

and hence equation (13) serves as a check. Similarly, the writing of

equation (C17) for to = 0 and comparison with equation (D33) yields

(to: o): : (14)

Now equation (13) resolves the computational difficulty mentioned

earlier at k = 0 (or _ : 0), since the steady-state values at the end

of the columns in table I can be used for the missing k = 0 values in

table II. Thus, if sinusoidal results are desired for parameters other

than those tabulated herein, and if k = 0 is essential, the indlcial pro-

gram can be used as an auxiliary for k = O, with the input time increments

selected to include steady state and few other times. Knowledge of the

value of a generalized force coefficient for k = 0 is, of course, useful

in determining the minimm_ value of k which can be introduced into the

sinusoidal program. For example, comparison of the steady-state values
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in table I with the k = 0.02 values in table II showsa difference of 5
in the third significant figure for one case and a difference of 1 in that
figure, or better, for all other cases. Thus steady state has been
approached rather closely at k = 0.02 with no maJor deviations due to
the 704 program; hence the program is usable for values of k as low as
0.02, at least for the parameters of tables I and II.

CONCLUDINGREMARKS

Generalized indicial and sinusoidal force coefficients for rectangular
wings deforming symmetrically in supersonic flight have been derived on
the basis of linearized aerodynamic theory and programed for the IBM 704.
Additional information on these programs is obtainable at AmesResearch
Center. The analytical solutions are exact for rectangular wings and for
the specified polynomials in upwashand modal distributions. All odd-
degree spanwise distributions are madesymmetrical. The solutions are
applicable for a chord length such that a Machline from a leading corner
does not cross the opposite side edge3 provided neither the modal nor the
upwashdistribution in the generalized force is of odd-degree spanwise.
Otherwise, the solutions are limited to half the above chord length. There
is someindication that the present indicial solutions are more readily
extensible to arbitrary time dependencethat are the sinusoidal solutions.

Limited numerical results are tabulated for both the indicial and the
sinusoidal cases, primarily as samples of the outputs of the 704 programs.
As suggested by the absence of zero frequency in the sinusoidal tabulations,
that frequency cannot be supplied by the sinusoidal program. It can,
however, be supplied by the indicial program at steady state. The smooth-
ness of the approach of the sinusoidal results to steady state can be used
to determine how close to zero frequency the program can be carried. This
criterion indicates that for the limited parameters tabulated herein the
sinusoidal program is valid for a dimensionless reduced frequency (radians
per semichord of travel) as low as 0.02.

AmesResearch Center
National Aeronautics and SpaceAdministration

Moffett Field, Calif., Nov. 20, 1961
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APPENDIXA

SOLUTIONFORTRANSFORMEDPOTENTIAL

The linearized differential equation of time dependent supersonic
flow over a thin wing at small angle of attack is

2V i
-_2q0xx+ 9_y + qDzz- _-q0xt - a-_ q0tt = 0 (AI)

The required boundary conditions are

qO= 0 for x <_0

q0= 0 for t <_ 0

W = q0z given for z = O, x > O, t > O, lyl<b

q0 = 0 for z = O, x > O, t > 0, lYl >b

q0 = 0 for z sufficiently large

A solution valid for x < 2_b

of fairly manageable form. For larger values of x the boundary con-

ditions (A4) and (AS) impose more severe requirements leading to

complicated multiple integrals. The condition x < 2_b implies that

the Mach lines from the leading corners do not intersect the opposite

edges(sketch(b)).

(A2)

(A3)

(A4)

(AS)

(A6)

can be obtained in terms of integrations

x=/3(b-y) _

-b o +b
y

.x =/3(b +y)

x

Sketch(b)
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The time variable is eliminated from equation (AI) by a Laplace

t ran sformat ion

_o_ -sty(_(x,y,z) = e x,y,z,t)dt

_len

_o °°

= e "Stw dt

and equation (AI) becomes

and

Re(s) > o (A7)

-_x_ +_ +%z _vs s2" a--V_x" _ --0

Boundary eondition (A3) is satisfied and the others become

_=0

_--0

9--0

A second Laplace transform eliminates

equation (A9) becomes

where

(A8)

(A9)

for x <_0 (ilO)

given for z = O, x > O, IYl < b (All)

for z --o, x >0, lyl >b (Ale)

for z sufficiently large (AI3)

x from equation (Ag)

_O °°

_+_zz-_:°

Re(h) > o (Alk)

$2
a 2 a 2

(AlS)

(AI6)

(AI7)

A

4
2

6
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and the square root is chosen so that for real s and _, _ is positive

when s and _ are positive. In the inverse tr_isform integrations to

be used later, this serves to define _ for complex s or _.

Boundary conditions (Ai) and (AI0) are satisfied and the remaining

boundary conditions become

_z given for z = 0, IYl < b (AIS)

= 0 for z = 0, IYl > b (AIg)

_ 0 for z _ (Ai0)

A complete solution of equation (AI6) for these boundary conditions

is not attempted here. For the limitation x < 2_b it is sufficient to

obtain some special forms of solutions that can be combined to form a

solution satisfying the required conditions. Three boundary value cases

are considered for equation (AI6).

Case I: _(y,0) = 0 for y < -b (Ail)

Case II:

_z(y,0) givenfor y > -b (A22)

_(y,0)= 0 for y > b (A23)

Case III:

_z(y,0) given for y < b (A24)

_z(y,0 ) given for all y (A25)

In equation (AI6) the introduction

of polar coordinates (sketch (c))

y - _ = R cos 8 1 (A26)

z =R sin 8]
give s

i i - _2_ = 0

(A27)

4/
-q

Sketch (c)

(y,z)

=_ y

Separation of variables in these coordinates gives simple solutions

sinO }

_ _ e-C_R

cos o_ JW
2

These can be used to obtain solutions for the boundary value_ cases I

and II.
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For case I, let

where

_i(y,z)= _o(y,n,z)F(n)dn (_8)

[o(y,n,z)= [o(R,e)= cos
e e "_R

2J_'
0 <_e <_.2_ (A29)

Then

[o(y,_,oo)= 0

_o(y,q,O) =

, q<Y

, y<rl

and

{z(y,o)= F(n)e
b _-_

dn

= 0, if y < -b

Thus _I of equation (A28) satisfies the boundary conditions (A20)

and (A21).

To find F(_) define

OO
G(y,z) = e'C_Y_z(y, z )dy

= e'<lYdY _'z F( n)_lo(y,n,z )dT]

-- F(1])dl] _zz COS O e "c_(R+y) dy
b 2 gg

The differentiation of the inner integral cad be obtained easily from a

change of variable of integration

A

4
2

6
w

=y - "rl +R
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Then

CO--F COS 8 e "c_(R+y)

_ZOy 2 4-f
dy =-+ e

-_+R

-_(_+_)
d_

= - sin
8 e "c_(R+y)

2

The choice of sign for the second integral is determined from the sign

of cos(e/2). Then

G(y,z) = - F(_)sin
e e"_(R+y)

2 4-_
d_]

and for z = O_

- F(I]) e
_(y,O)= ax(-b,y) J_ " Y

m d_

From its definition _(y,0) is known for y > -b and

G(y,O) -- - F °° F(1])e'C_h---- d_

_y

This is an integral equation similar to Abel's equation and is solved

for F(_) by noting that

and by differentiation

F(I]) = ec_1] d /_m G(y,O)

= .e_ F°°e'<_Y_z(y,O)ay
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Substituting this definition of F(_) into equation (A28) gives

l__b_ R-_)_i(y,z)= - _ oos e e-_(
2 j_- _ e'_Y' _z(y' ,0)

d_ - - dy'

fb_ ___r' (9 e "_(R+y' -_])l_ _z(Y',O)dY' cos _j__ _y' . n
d_ (A30)

in the second integral of equation (A30) a change of variable of

integration

=R +y' -

yields

_ l__b° pb+y'+,/(b+y)_+z__l(y,z ) = _ _z(y' ,0)dyq e'°_ d_

(AB1)

This is the form that appears first in some methods of solution.

Equation (A31) is useful to obtain a general formulation for _I

with boundary conditions corresponding to those of _I in equations (A21)

and (A22). When the Laplace inversion formula

i f c +i_

= 2--_Jc.i_ e_X_ d_,
c>O

and the definition of _z from equation (AI5) are used

= - _ _x, _(x,,y,,0)dy,

_2 e'_ d_

_ _/_-(y-y')_-z_

e_(x-x' ) cl_

(A32)

where

_ _b +y' + _(b+y)_ +z_

A

4

2

6
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In the inner repeated integral a reversal of the order of integration

yields a nonconvergent integral in h. It is necessary to resort to a

device which permits the integration. The integral can be expressed as

a derivative

C=l

In the following it is to be understood that _ is put equal to i after

differentiation. Now when the order of integration is inverted, this
become s

i fc+i_ eh(_.x ,)_

2

i

d_

In the inner integral the substitution

>,=_+ v___s
_2a2

changes the integral to

e"w(x'x')l_a_ k _ c_l_a)+_ e_(x'_')-_°_J_ " (sl_a)_a_
B 2_i_c+(sl_%)_ioo J_2 _ (s/_%)2

-Vs (x-x' )I_ 2a2
= e Is 1io -_=J(x-x,)=- (_o_)=, x - x' > _

= 0 , x - x' < B_

(Ref. 12, p. 249, no. 36). Then the integral becomes

.e.VS(x.x,)/Baa2 _ Fmin[(x_x,/_),_2] Io[S/_eaJ(x- x,)e- (_)e]
d_

If
Three cases are found : If x - x' < _I the integral vanishes.

_i < x - x' < _ differentiation gives, with

= _/_ - _ ,
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e "Vs(x-x')/Bma2 + e-VS(x-x')/_2a2

_(x - x')2 - _2_12
Jo

$(x - x')2 = _2_12 . _2

d_

e-VS(X-X )/_ c°sh(s/_2a) J (x - x,) 2 - _2_le

$(x - x')2 - _2_12

If x - x' > _a the integral is

-Vs(x-x' )/_2aa
e

s _JI=2=_12 Ill s/_aaJ<x - x')a - _aI12 -

_=-q_o _ (x [ x;) = [ _?-- _i

Substituting these results in equation (A32) yields

-W(=-x')l_=a=oosh(=l_==)jix - =,)= - _[(y - y')= + ==]

_i = - II/W(x',y',O) e

$I j(x - x') 2 - Sm[(y - y,)2 + z2 ]

dx' dy'

(

-17W(x',y',O)dX' dy,e =Vs(x-x')/_aa2 _2as-9"===

Sa

iI(s/_2a _(x - X')2 _2[(y . y, )2 + z2] _ ,2)

o J(x-x')2 __2[(y =y,)2 +z 2] = n_

d_

(A33)

The area of integration is bounded by the requirements (sketch (d))

x' >0

>-b

> _$(y _ y,)2+ z _

and is divided by the straight line

x - x' = _b + y' +i, +.<>=+,.=]
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-b

[ y y,2z,]X-X=_ b÷ + y- +

o

(x,y)

yl

Sketch (d)

In the more familiar case of z = 0 the ares Sl is recognized as

the entire area of integrstion for the steady-stste solution of Evvard,

a result that appears in equation (A33) with s = 0. This should be so

because s = 0 reduces eq_ation (A9) to the equstion for steady flow.

In equation (A33) it _s seen that the influence at (x,y) from a

point (x',y') in Sl is the same as if there were no edge. This must

be so because a distrubance originating in Sl cannot be propagsted to

the edge and then reflected to (x,y). Unlike the steady-state result,

the second term of equation (A33) shows that a disturbance from S2 does

affect the potential at (x_y).

The solution of equation (A16) for case II with boundary condi-

tions (A23) and (A24) can Le treated in the s&me manner with the function

of equation (A29) replaced by

0 e
sin

2,/- 7

The procedure is the same _ith some changes of sign. The solution is

}ii(y,_) z /oh -_(R+_) _ _y, _(j'_0)_J _ sin _ e d_ e _" dy'
_ 2 _ _ _f_ _ y,

i _z(y',°)_y' fb sin 0 ,-_(R+_-y')
(A3A_)
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The solution for case III with boundary condition (A25) can be

obtained from either case I or II with b = _. Then, from I,

_Tiz(y,O) _ l _z(Y''O)dy' cos_ee d_

d_

J: ,._z_ -_zl _=(y',O)dy' e dc

i 2 1_z(y',°)_:o _j(y - y') + _ dy' (i35)

This is a known result that can be obtained by direct procedures.

The three solutions that have been obtained can be combined to yield

a solution satisfying all the boundary conditions for x < 2@b. The

boundary value _z(y,0 ) is known only for lyl < b but in some cases with
canceling results it will be treated as if it were known also for lYt > b.

A difference solution _!V is defined by

(A36)

where _III is defined with the condition that _z(y,0) = 0 for y < -b.

Combining from equations (A30) and (A35) yields

_'TV-= _l _'z(Y' ,O)dy'
-OO

-_(R+_,'-_)
E) e

COS --

a 4_4-_-T_ n
dTl

oo oo -(][,_

d_

(A37)

The resulting potential _ is

mzv _ dx' G (x',y',O)dy'_ e
-b 2_z Jc- ioo

oo -C_
dh e d_
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From the methods used before, it is found that

(A38)

that is, only inside a _ch cone with the vertex _Lt the leading corner

(-b, 0).

The boundary value of _IV in the plane of the wing has special

properties between the Msch lines from the corner. On the wing,

equation (A36) shows a cancellation of normal derivatives and in this

area WIV = 0. Off the wing _i contributes no potential and

_IV = -_!I!" Also _IV contributes nothing beyond the other edge of

the wing if x < _b (sketch (e)).

-b

wl_:O _ -

x : - _(b+ y}

o +b

_r_r " 0

_. 0

x : /3(b + y)

-_y

Sketch (e)

A corresponding difference solution }V is defined for the edge
y = b.

_V : _II - _ilI

_ _ -_(}:+n-Y')
i b 8e

: _ _z(y',0)dy' sin _ _ ,'/_ _ Y'
dB (A39)

Then _V has the same behavior as _IV but in reversed directions about

the edge y = b. If _!II is now reintroduced, _his time defined with

_z(y,O) : 0 IYl > b (A40)
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the combined forms

or

= _III + _IV + _V

= _III + _IV + _V

(A41)

yield a solution that satisfies all required boundary conditions

for x < 2_b. If all terms of equation (A41) are defined with con-

dition _A40) the form of (A41) is equivalent to

= -_III + _I + _II }

or (A42 )

=-$IIl + _I + _II

It is seen by equation (A38) that the restrictions of condition (A40)

are not necessary to calculations using equations (A37) and (A39) in (A41).

This is sometimes a convenience in performing the required integrations.

In the following formulas the boundary value is taken for z = 0 as

reached from the side of positive z. This is attained by putting 8 of

equation (A26) equal to 0 for results obtained from _I and 8 equal to

for results obtained from VII. It may be noted that solutions in

terms of e and R apply for a full circle of angle passing around the

edge from wing surface to wing surface. The form of integral in equa-

tion (A31) is different in that is has correct sign for z _ 0 only.

From equation (A26)

R=Y "9 , 8 =0

R=9-y, 8 =_

and the vanishing of some of the trigonometric functions puts limits on

some of the intervals of integration. Then from equation (A30)

-(Ly'

l_.b r "c_(y-2_]) _°° e _z(Y',O)
= e d9

_I(Y'O) - _" "_ n' 4Y' - n
ay, (A43)

from (A34)

l_y b e "°_(2_'y ) ii(y,o) -- _ - y "Q e y _/z(Y' ,0). - (A 4)

A

4
2

6

and from these, two forms of _ill(Y,0 ) are obtained by putting b = _.
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If equations (A36) and (A39) are substituted and the limits of

integration are combined

i f min(-b,y)
e dq dy '

(At5)

_v(Y'O) -- _- ax(b,y)
•-(m(2_l-y ) j,b eCLY'_z(y, ,0)e dq dy I

(A46)

If these results are used in equation (A41) and values on the wing

are taken for -b < y < b_

_(y,o) = - _- -_(y-2_) d__mb e-_ '_z(Y' ,0) dyT

mj/j__"b e"_(y-2_l)+_" j_-__

'-(]L, tm

d_._ or _ e Y _z(y',O)
_y' -

dy_

ifL _ e -_(2_-y) d_ Yl _-_Y': {y',O)_z<
+ _" x(b,y) 4_ - y or-b ,/_ - y'

dyT

(A_7)

This is used as a computing form in appendix B. Since the last two

integrals contribute on]_y edge effects_ the y' integrations can be

extended to the infinite limits without affecting the results for x < 2_b.

If the analytic form of the integrands is extended, simpler integrations

may be obtained with infinite integrals. With condition (A40) and_ 9111

from the third form of equation (A35) and again for -b < y < b,
becomes

_(y,o) = - _. _=(y, ,O)dy,
e

d_

l__bb j..b -_(y-_) -_(y'-_)+ _" _z(y' ,O)dy' e e d_

l_.b _ _b _ e'_( _-y),_-_( _-y' )_+ _ _
d_l
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In this form the _ integrations can be modified by substituting integral

representations of the form

e_(y-q)j_f.- q = j_oo e'_(Y'q)°j__ld_

Then the q integration can be performed and the remaining integrals give

-_(y,o) = - _. _(y,,O)dy,
e

4_'2 - 1
dc

_l-°-bl-'b"/ _ e'_(b+Y)_ _ _ -_(b+y')_
+ -"_'-- _z(Y',°)aY' d_ e at

- I (_ + _)J_ - i

1 b ,oo
_(b-y)_ ,_ oo _(b-y' )._

e d_ / e d_

- -L _. (_ + o)J_ - 1
(A_8)

This is an alternate computing form that has been used to check the

results from equation (A47).

The y integrations of the generalized lift can be computed in the

forms given here. There remain the x and t integration to obtain
I _ _

_z(y,O ) and the Laplace inversions in x and t to find _. The

calculations for specific boundary values are given in appendix B.
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APPENDIX B

INTEGRATIONS OF TRANSFORMED POTENTIAL FOR

AI._ITRARY TIME DEPENDENCE

To evaluate the dimensionless force coefficient

to develop a form suitable for machine computation.

(ii) of the body of the report,

%S(Wo/V)o -b _ + V

_ it is necessary

Now_ from equation

where _ is the velocity potential determined by an upwash

X( o)mIW(x,y,0,t) = Wog(t) To (B_)

on a rectangular plan form of chord co and semispan b, amd @ = 0 off
the wing. (See sketch (f).)

-b

\

o *b
y

y2.1_.b- _-

\
x

Sketch (f)

THai TRANSFORMED POTENTIAL

First, the transformed potential _(y,s,_) is determined from

equation (A47) where s and _ are the transform variables for t and x,

respectively_ and where z has been set equal to zero. Taking Laplace

transforms on (B2) with respect to x and t gives
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and

n co n

o

Y n oo x m m

(B3)

An integral form of the transformed potential _ is obtained by

substituting (B4) into equation (A47).

g(s)m"W°m+r_m+1_ul _f_-b e-C_(Y-_£d_b-°° _- _c_ y, ,,ne-OC(y'-_)dy,
_C O A JY'

A

4
2

r °° e -cc(_-y)dT] /_b l y' Ine -cc(_]-y' )dy'-]- ....

pY e-_(y-_)d_ _b !y, lne-_(Y '-_)dy,

/,,-be-C_(y-Tl)dT1/pb lY'Ine-_(Y"B)dY' }"___ _-= _ ___ _'7_-_
(Bs)

SPANWISE i_EGRATIONS

The transformed potential _ can now be reduced to a single integral

by making the substitutions

_=y- _

y' = y+ _(_- l)

and integrating over _.
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Since the partial derivatives in (BI) do not involve y, and y is

unaffected by the Laplace transforms on x and t, it is possible to
q

multiply _ by I_ ° as in (BI) and perform the spanwise integrations

m

r _

on the transformed potential _.

/"Now, dy can be integrated by interchanging the order and
-b

integrating over y first. All of the preceding integrations are

straightforward but very lengthy and, therefore, _ill not be reproduced

in detail.

The results are:

dy =

-b

I1 : -2 _

o

[(s)m_Wo

m+n+q_m+l (Ii + ia _ Is + 14)
c o

n
\d+l/ dd

n_ _
J7 (?._+ _). (n - j)_J(n - j + q + l)

j=o

n_f + bn-j+q+m[l + (-i) j]

j:o (n- .i)_V <J + l>(n- j + q + l)m j+l

/. \ n+q+i

, n+q+2 f_o (1 + d)

J-_ n:_ [z + (-i)n+_]r 2+q + 1"

(B6)

(B7)

(Bs)

ra = a(_z)q+j°°np
o _ J_ (i+ d)

k_l + _/ [b(l - a)]n-j-h(q + h)!
_o _ (_- j -h)_h'

J=o h=o

q+h

( - 1) q+h-k'bq+h'kck+Zd _........

k'=o (q + h - k)'[o,(1 + c)] k+l

(B9)
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i
To perform the integrations ls my be rewritten. Replace

r_ e-_(_+_)_kdr [_(i+ _)]k+_
by the equivalent integral / k_ Then (B9) becomes

n A-A J, _b)n-J
. .q+nr_r_ e-_(l+a)Tn!(_-b)q \< _--JT_/_T

Is 2[-i)

'/Jo _(_+_) _jL° _J(n-j):
dT dq

• ,J,% - _'hJ n-J

(-i) _-T_aJ _ q,bq-k(-l)k_ _ ......bn-j-h(-l)h(k+ h)! dq

j=o k=o h=o (n - J - h):h_[_(1

_ n' _ _ q'.bq-k(-1)ks k _ bn-h(--l_)b _ (k + h - j):(l - q)JdJF
2% _(__ + _) _-_ L_ (_ _ _),[_.(_ + _)]h+k+_ (h - J)_

k=o h=o j=o

(mo)

A
4
2

6

NOW

(k + h + l)!
j'(k + h - j)' Jo

tJ(l - t)k+h-Jdt = i (Bll)

q n

;_ n: Q_ _ q!bq_k(_l)k k _ bn-h(_l)h(k + h + i)! _iIs = 2 .............. (1 - t)k(l - ot)hdt dG

'o c_(1 + o') _-_ (q - k)'k' (n - h)'h![cL(1 + a)]k+h+l_o
k o h=o

q:bq-k(_l) k n,bn-h(_l) h - +

: 2 _ [-_--_-_[ (n - h):_ h+k+2 (h- J_.Tk+ J +'i_'
j=ok=o h:o

(B12)

_ n+q+l e__b[l+gh(_) ]Th( q)da

o h=o

(Bl3)

where gh (_) k 0 and 7h(C) are integrable if 0 _ g _ _.

It will be shown that results from 14 are zero for x < _b.

Therefore; if the plan form is restricted so that co < _b; 14 may be

ignored and
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-b com+n+qk m+ I

n n_F __J +_l_bn+q+l'J[l + (-l)J ]

-n.q.[l + (-l)n+1]f

+

2 _ q!bq-k(-l) k n:bn-h(-l)h (-l)J? + 3 f . j i_-_ + 2/

k=o h=o - " j=o

(Bz -)

x INVERSION

The next step is the x inversion of (BIL). Note that the transform

variable h appears only in a finite sum of terms of the form

(v = O, i, 2, • • ., n + q + i)

$2

a a 2

Therefore it is sufficient to consider only one such term.

Define

m_

Fw - km+mc v+ l (BiS)

Taking the

where

x inversion_ we have

_v(x ) = 1 FekX_vdk
2_i, Jn

L is the path of integration in the complex plane.

(BI6)
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If the following convolution theorem for Laplace transforms is
employed:

t

fO f(t - t')g(t')dt' - 2_il <eSt_(s)_(s)ds (B17)

where f and g

(BI6) becomes

are the Laplace transforms of f and g, respectively; then

fx < e_X, dh2_i _v+i
o

From reference 12, page 239, no. 19,

J_ (ax'hV 12e-MSx'/_2a _sx'_ x' >0

= 0 , x' < 0 (BIB)

A

4
2

6

where lv/2(sx'/_aa) is the modified Bessel function of the first kind.

Therefore,

fX
: (x- f _x'.3

_f<_+ o

CHORDWISE INTEGRATIONS AND PARTIAL DERIVATIVES

WZ_IRESPECT TO x

Replacing m!/hm+l_ w+l by _v(x) in equation (BI4) gives the weighted

integrated potential which is still transformed with respect to time_ that

is_
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1 _L m:ehXdk_o _= 2_--'-_' h m+z

e-_b (_-+g_)_'_(_)d.,_
c_h+l

(B24)

_h = __Z_ 7h(d)d_oX (x - x')me-MSx'/_2acLx' I_LL ,

Case a; h _ 0

_,_,/_-x_.,f_zZ_-(_/_a:) b(:_h)a_,,
e (_5)

A

2
6

(B216)

reference 12, page 228_ no. 13, where

x' [_-b(_+Bh) ]d._,'

2_i k'h

therefore

[u - b(:_ + gh) ]h-,
f(u) = u >b(Z + g_)

( _ -]_):

f(u)= o _ _ b(Z + gh)

Therefore _h = 0 for x'/_ < b(l + gh ) and therefore for all

x < _b(1 + gh)j hence for all x _ _b since gh _ O.

Case b; h = 0

X ! > b(]. + Bo)
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x' x<b(l +_o)to = o if 7 < _

If the integrations i_receding equation (B6) are carried out in detail,

it will be noted that for n and q both even_ gh _ i. Therefore, when
n and q are both even, equation (BI4) is valid under the less limited

restriction co _ 2b_.
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APPENDIX C

GENERALIZED FORCES FOR INDICIAL TIME DEPENDENCE

The formulas in the preceding section are for an arbitrary time

dependence. In this section the specialization to an indicial time

dependence is made. After the t inversion_ a large part of the com-

putations corresponds closely to reference 3, but it is included for

completeness and because of the inclusion of absolute value signs on

the odd spanwise modes.

From equations (B22) and (B23) define

_v_ = g(s)J_ c° x'_e -Msx'/_2a (a2@_)V/alv/a \_2a/SX')dx' (CI)

For indicial time dependence

of -fv>, that is,

_(_> =l/s. Now, f is the inverse

i jL est _o c° Q_-s)fvS = _ _s ds x'Se-MSx'/_ma ax'--Walv/2 \_aa/(sx'_dx'(C2)

and

,C 0

_f_v = 2_-_L_t eStds_
;x,-

x' _e (_Ts) I_12 \._2a/
(C3)

Applying equation (BI7) gives

]o Jotfw g = Co x'ladx ' F(x',t')dt' (C4)

where

F(x' ,t' ) _- ]via-l� 1) ] vl a-:l./ e[at'(M + 15 - x' a[x' - at'(M -

for at'(M - 1) < x' < at'(M + 1)

F(x',t') = 0 elsewhere

(ref. 12, p. 277, no. 5).

A

4

2

6
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Now at'(M - i) < x' < at'(_4 + I) implies

_t X _

'a(_4 + i-) < t' < a(m - i)

_ud this gives three possib]_e cases depending on t and c o

Case i :

c o
t <,

a(M + i)

Case 2:

e o Co

a(M + i) < t < a(M - i)

Case 3 :

<t

The areas of integration of fv _ are shown in sketch (g).

ta t'

X I

t, _______

(M+ I)a

/

.__ X i

c o

Case I

t

X I

o c o

Case 2

t I

dt

t

/

y
co

Case 3

-- X'

Sketch (g)
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fv _ ,

Case i: at(M + i) < co

x'_dx ' [at'(M + l) - x' at'(M - i)]

pat(M+Q u ft
+ / X' dx' I [at'(M + i) - x']W2-1/2[x ' - at(M - l]Vla-i/2dt , (C5)

"at(M-l) Jx'/a(M+l)

Letting t' = (x'/_2a)(M-cos q0) and interchanging orders of integration

g ire s

2_+v+2( )_+v+l _o
B at _ sin vq0 d_

fv = ' (06)

_JT-(_ + _ + i)r (_ + _)( M " c°s _)_+_+_

Let

_os m = (l - M cos o)/(M - cos e)

fv _ _(at )_+v+l _o _
= sinVe(M - cos 8)_d8

2v_-(B + V + l)f (2 + 1)

(c7)

Case 2: at(M - l) < co < at(M + i)

A

4

2

6

fv _ - --- { ,I x' _x'

Sx'x'Udx ' [at'(M + l) - x']W2-1/2[x' - at'(M- 1)]

+ -_) '/,_(M+_)

[at'(M + i) - x']Wla-i/e[x ' - at'(M - l)]V/a-i/adt'

_/_-:%t'} (c8)
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When the same substitutions are used as for case ],

= _(at)_+ v+1 ,/are cos[M-(co/st) ]

2v47( v°

sinVS(M - cos @)_d8

&

4

2

6

CoB+V+l _arc cos[M-(_2at/co)]

Jo
sinVO de

(c9)

Case 3: co < at(M - i)

1)V_a

fv _
_x'/a(m_) ]w2__/2[x, ]w2__j2at '[at'(M + 1) - x' - at'(M - 1) (czo)

e°_+v+l < _(

sinV9 de

It is now convenient to introduce the following notations:

(CII)

at

to : C-o-

(91 = _ 0 <--to <--M + i

(i I_o) i i_ - M + I <_to < M---_
= arc cos

i
=0 to>_--

M - i

1

(9a = 0 0 <_t o <--M + i

i <t o <i= arc cos(M - _ato) M + i --M - i

i
=_ to>M_ I
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Then equations (C7), (C9), and (CII) maybe written

f_ = Oo_+_+_ Oto_+_+__o°_

+_ sin_Od

In finding _fw_/c_t it is seen that

_d_v_ a _fv _

_ Co _o

sinVe(M - cos O)_d8

(C12 )

Sfv _ aCo_+V

_t _(_ + v + 1)to _+v _o @z sinVO(M - cos a)_dO

+ _to_+V+ZsinVOz(M - cos Of) _ _81 i sinV02 _02_
(C13)

The last two terms on the right-hand side cancel_ and

1

sinV@(M - cos 8)_d8 (C14)

Define

iv _ _o _@z
- sinVe(M - cos 8)_d8 (CZS)

Iv = _o @2 sinV8 d8 (C16)

If _w _ is replaced by the right-hand side of (C14) in equation (B22),

then

<C-o'o_J_ b Y q _q)(x'y't) dy dx
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A

4

2

6

can be evaluated. Similarly, replacing _v _ by the right-hand side

of (C12) in (B23) yields sn expression for

b y q Sq0(x,y,t) dy dx

If these expressions are substituted into equation (BI), using (CI_)

and (C16) and the time zones following equation (CII), the following

-P%t
fo_nula for the induce(] force coefficient _un _ o) can be written

..... ......
J=O l=o

(-l)m+Im:p:to m+p+1+j m+p+l (-i) Mm'p: /i
I _j

(m + p + 1)_ J + (m + p)t(m + p + J + I) \_J+---_

m-i

I=O

i _ + t J+Z+z_ Z

p - l)(j + I + i) j+-----'_ j 0 -J "/I

_J

_q_[l + (-i) n+_]

___<m_ to n+q+_+Z Z(n + q + I)_A , (m + p + i - _) In+q+l + (m + p + i)_

+ tom+p+J+lljm+p_

(_l)m+im_p!t#+n+P+q+a _n+P +_
+q+1

(-l)mMm"P ' <sn___ - tom+n+p+q+m +P m)+ (m + p):(m + n + p + q + 2) In+q+l + I_n+q+

ml • 1+ I¢._nZ _; 1) (-1) 1 _" ~ %on+q+L+a Z(m + p - I)(_ + n + q + 2) In+q+l In+q+l

I=o

q q-k(_1) k n, (_z) h

[Z__o_ _ toh+k+Z+_(-l) Z I

(-l)m+_m_p_

(m + p + i):
tom+p+h+k+e Tm÷P+I

-h+k+m

<_h-'-h'+-k_-a~ m+p "h+ (-_)_'._' _ + toh+_+'__+_ _+_+_/

'in= l "_I

+ _ (m + p - _)f_-_ h +k + 2) Ih+k+z + h+k+l

7.=0

(C17)
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APPENDIXD

SINUS01DALTIMEDEPENDENCE

From appendix C_equation (CI),

<_=_1 f%x,%-_'_-_x''__- r_x,_
o

For sinusoidal time dependence

l(s): i
s - iw

As in appendix C, fv V is the inverse of _vV3 that is,

_ :_ e_ts - im
ds _ . _/__ /sx,hCOx,%-rex,/_a("ax']\2s,,' _-_',_t,7_-;aJ_'

0

(ci)

(DI)

A

4
2

6

/ co f st- (Msx'/_aa) _ix'._wa_ f'sx"_= x' _dm' i e

o L
(D2)

where L is a llne in the complex s plane parallel to the imaginary

axis.

Now

(_sx,_
rvi_\Z) :

C Sxt ._Y12

(D3)

Substituting (D3) into (D2) and interchanging orders of integration gives

w _co x,_(x__'h_

o _r(z+!]%
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1
ll-

2_i

t Mx' x'cos 8._ (t Mx' x'cosS ---+ S --

_2a _aa + e _aa _aa

The integrand is regular in the

complex s plane except for a simple

pole at s = i_, as shown in sketch (h).

Mx' cos e

If t _a a + x' _aa is always less

than 0, the path can be closed to the

right_ and the integral will equal 0

since there are no singular points

Mx' cos e
enclosed. If t x' is

_2a _aa

always greater than O_ the path to

the left can be chosen 3 as illustrated

in sketch (h), and the value of Ii

will be the residue at s = i_° For

other tj the evaluation of Ii is

more complicated. The concern is

only with the steady-state slnusoidal

case 3 or

Mx¢_ a x|c°s e)
t-max + >0

_2a

Now

f

9

max
Mx¢_ a xIc°s @_ = Co+ _aa a(M - l) Sketch (h)

Assume

Then

c o
t>

a(M - i)

11 = 2e cos

Re s>0

(DS)

L

(D6)
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fv _ 2ei_t <Co _ia_Mx,/_2a/x,_V _/2 (wx'cos e>x' _e <_S dx' / cos sinV8 de

_q r (v + Z_'o "o \ _2a

(07)

Now

for

/tOx v_ v/2

Jr/2\_2a/ cos sinVe de (D8)

v > -i.

With the substitution of equation (D8) into (D7),

A

4
2

6

c o

fv_= iwt / x,_e -i_Mx'/_2a_ax'_ y/2 f_x'_ dx'e <2w / Jv/2<_-_a/
0

(_)

and

_fv _

_t - iwfv_ (DI0)

Introduce the dimensionless frequency parameter 9, where _ = _Co/a ,

and let x' = Cox

fv _: c O e '/o <_J Jr� 2 dx (DII)

Define

(Dz2)

For v = 0 this is the f_ function of reference 13. If v is even, the
recurrence formulas for Bessel functions can reduce equation (DI2) to f_

integrals and similar integrals with the Bessel function of first order.

If v is odd, the Bessel function in equation (DI2) can be expressed in

trigonometric functions.



45

As in appendix C_ fv_ can be replaced by fv_ by means of equa-

tions (DII) and (DI2), in equation (B23) and by i_fv _ in equation (B22),

and the resulting expressions can be substituted into equation (BI).

Then, with the amplitude defined by

n+q-j

n! <A> [i + (-l)J] li _ (-I) Z I.Z

j - z) j/2(n - j)_F _ + _/(n - j + q + i) L _=o

+p i

Z=o

[i_o (-i)_ z2n'q:[l + (-i) n+l] C (_) (m + p + 1 - Z) In+q+l

+mM

m-1

:\ Z ,] (m + 7 -- i') (n+q+l)/2 +

Z:o

m , , m_P +I 0

(-_) m.p./ m÷p i_ i(n+q+l)/a--j

q-k

4__ :_).' ,,! h

n-h

(-i)h (-L)Jr_j + k + ? h - j +

(h-j) (k + j + i)_

/m (-])_ i _ (-i) _

Z:O _= O

m I l(-i) _._. / m+p

m+p -i

I (h+k+l)/_

(hi3)

For the case _ : O, _(_) reduces to the steady-state result.

_i i_Mx/_a(x__V Iaj_,* (_x_
lira Iv/aV = lira xVe -
_o _ 0,-% k2-_/ ., _\_/

dx

o

i

+i (_+v+l)

(D14)

and
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Now

Therefore

Ivl2 < _Tv+l )d_ =
0

i

'_ 1< =
Iv/2 - Tv/2

lira Ivl 2 < lira Ivl 2 = 0 for _v > 0
_ _ 2

and

Assuming

vlim i_l la = 0 for _ > i
_-*oo

# 0 and using the relationship

p2 7_ _Iv/a : 2v/2_+v+l
_-I -iM_I_2de d-_ I_(vlm)+IJ(vl2)+z_--2_l d_

Integration by parts yields

= e J

2v/_(v/a)+z (v/2)+1_) + 2zMI(v/R)+Z

4-7

(DI7)

(DIS)

(Dz9)

(D20)

z(_i2)+ _ (D2z)

Using equations (DIg) and (020) on the right-hand side of (021) yields

V

lim z_/2= o for _>-i , _ 7o (_22)
(D --_ oo

lim i_lvl a = 0 for v > 0 , _ _ 0 (D23)

For _ > i, the process can be repeated on 2iMl_vl2_+zt_ giving

lim i_olv/2"_ : 0 for _v > -1 , _ _ O,1 (D24)
_ _ 2
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Therefore, as _ _ _ all terms drop out_ except possibly those containing

Io°_ i_lo °, i_lol_ i_l_/a_ and i_l °.

i_l i°

O_ le- ±i_4xl_2_x_-_ _>iDll ° : iZ, \2_/ Jl dx

: -i_a _ <2_/Tx Jo ax
©

Integration by parts gives:

i_ a -i_-M/_ajo <___ M iol + i_ a _ (D25)i_ll°=--_-e + _ _-_

From equation (DIS)

i io o i--- <--
CO -- CO

Therefore

lim i_ll ° = 0 (D26)

By means of the relationship

Jl/m(z) =_z sin z

i_I_/2 can be integrated immediately

i_iOl _ i_ (M + 1)e -i_/(M+l) (M - 1)e -i_l(M-l)
2 _j_

-2 (D27)

A

4

2

6

and therefore

lim i_ll/2 = 0

ico-loI

From equation (D21)

i_lo i i_ ae.i/_ /_a _F2_
= Jl _ - 2/V_ll°

(D28)

(D29)
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Therefore, by equation (D26)

lim iZlo' : 0

0

Io

ZoO _ A o_[_e_iM_/_go _ d_

Now, e-iM_/_ Jo _ d_ is the Fourier transform of
t

Since the transform exists,

(D3o)

lim io ° : 0

i_lo °

O

lim i_l o
t0 --_oo

; <÷0 <÷0M_ sin M_
: i cos7 Jo _ + 7 Jo _

0 0

From reference i0 the first integral equals 0 and

lira i_lo ° = sin M_
Z_ _ _ Jo d{ =

Therefore, all terms drop out in equation (DI3) except those

containing i_---Io° and

-4 <A> n+q
--pq --
Q_[_ = _] :

M(n + q + l)(m + p + i)

(D31)

(_32)

(D33)
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TABLE I.- GENERALIZED INDiCIAL FORCE_ QPq_m (to)_ FOR M=I.2_ A=4

t p
o

O. 0

.04545

.09091

.1364

.1818

.2273

.2".'27

.3182
36 36

.4o91

.i_545

• 9091

1.136

1.364

1.591 _

1.818 ;
_ 04 <

2.273 '

2.5OO

2.727

2.9 [ 5

3.1SS

3,409

3._36

3.&'4

4.091

4.3!8

4.545

4. Yv3

b. 000

O. 0

.04545

.09091

.1364

.1818

•a!273

.2'127

.3i82

• 3636

.4091

.4545

.6818

.9091

i. 136`

1.364

I. 591
1.818

2.045

2. 273

_.5oo
2.727

2.955

3.182

3. 409
3.636

3.864

4. o91

4. 318

4. 545

4.773

5-ooo

n=O, q=O

m=O m:l m=2 p m-O m=l m=2

-3.333 -1.667 -i.iii i -1.667 -i.iii -0.8333

-3.296 -1.650 -1.103 -1.6_ -1.099 -.8262

-3.262 -1.640 -1.102 -i._22 -1.088 -.8237

-3.229 -1,634 -1.109 -1.595 -1.080 -.8255

-3.198 -1.633 -1.121 -1.565 -1.073 -.8312

-3.170 -!.637 -i.137 -1.533 -i._8 -.8405

-3.143 -!.645 -1.158 -1. 498 -i._6 -.8528

-_.i19_ _7_.,_,n<8 -1.181 -i._i -i._8 - _<76

-3.09 < -1.675 -1.206 -1.421 -1.072 -.8843

-3.076 -1.696 -1.233 -i. 380 -1.080 -.9023

-3.059 -1.721 -1.259 -1.337 -1.091 -.9210

-3.156 -1.@_2 -1.381 -1.295 -1.!71 -1.009

-3.316 -1.990 -1.479 -1.327 -1.250 -1.081

--3._Ir_ --2.0aO,. --1"555 --1"377 --1.321 --1.140

--3.626 --2.192 --1.616 --1.434 --1.384 --1.187

--3"765 --2.271 --1.664 --1.494 --1.439 --1.225

--3"893 --2.338 --1.702 --1"555 --I._97 --1-255

--4.011 --2"395 --1.732 --1.616 --1.529 --1.280

--4.120 --2.443 --1.756 --1.677 --1.565 --1.300

--4.221 --2.484 --1.774 --1"737 --1"597 --1.315

--a'315 --2.510 --i."['88 --I.70_ --i.625 --i.327

_ _ i '<* --1.855 --1.648 --1.336-4.402 -_.._ - . ..
-4.482 -2.57i -i.80( -1,9i2 -1.668 -1.343

-4,557 -2.590 -1.8i2 -1,_7 -1.684 -1.348

-4.6`26 -2.605 -1.816 -2.O21 -1.69 v -1.351

-4.681i -2.616 -i.818 -2.072 -1.707 -1.35 _

-4.7i_< -2.625 -1.819 -2.121 -1.715 -1.355

-4.796 -2.631 -1.820 -2.165 -1.721 -1.356

-4.840 -2.634 -1.82'1 -2.205 -1.724 -1.356

-4.874 -2.63 _' -1.821 -2.238 -1.726 -1.356

-4.895 -2.63 v -1.821 <>.258 -i.v26 -1.356

p m=O

2 -i.iii

-i.o98
-I.O85

- i. o70

-i.o53

-1.o33

-i.o!o

-. 9_36
-.9525

-. 9166

-.8754

-.8147

-.8156

- .8330

-.8578

_ .8&_9
-. 9189

-.9531

-. 9891

-i.027

-1.066

-1. iO<,

-i, 14"'
-1.189

-1.232
-i. 2v4

-1.315

-1.355
-i. 392

-1.423

-i. 442

n=0, q=l or n=l, q=O

-3.333 I -1,667 -l.iii I i -1,667

-3.26O -1/,33 -i.o_i -i.627
-J.192 -1.607 -1.061 -1.58(

-3.130 ] -1.588 I -1.080 -1.542

-3,072 I -i.576 I -1,085 -1.497

-3,019 I -1.57o I -i,o9g -i.450

-2,971 i -1.5s9 i -1.112 -1.402

-2.928 I -1.575 I -1.130 -1.353

-2.889 I -1.585 I -i.15i -1,304

-2.854 I -1.599 I -1.174 -1.255

-2.823 I -I.K18 I -1.197 -1.205

-2.868 I -1.732 1 -1.302 -1.136

-2-979 I -1.837 I -1.385 -1.143

-3.095 I -1.926 I -1.451 -1.169

-3.206 I -2.002 I -1.502 -1.204

-3.310 I -2.06,6 1 -1.543 -1.244

-3.406 I -2.121 I -1.575 -1.285

-3-495 i -2.167 I -1.600 -1.328

-3.578 I -2.206 I -1.620 -1.371

-3.654 I -2.239 1 -1.635 -1.415

-3.726 I -2.267 I -1.647 -1.459

-3.792 i -2.291 ; -1.655 -1.502

-3.854 I -2.310 i -1.662 -1.545

-3.912 I -2.325 i -1.666 -1.587

-3.966 -2.338 I -i.670 -1.628

-4.015 -2.348 -1.672 -1.668

-4.061 -2.355 -1.673 1 -I.706
-4. i02 -2.360 -1.674 [ -1.742

-4.138 -2.363 -1.674 -1.775

-4.168 -2.364 -1.674 -1.804

-4.187 -2.365 -1.674 . -1.822

-i.izJ_ I-0-8333 I 2 -l.lll
-i.0_7 I -.8176 I -i.)#_
-J.Or_I, _ -.8078 1 -l. Ogl

-i.04_ I -,8035 i -i.034

-z.op_ i -.8o41 I -1.oo6
-i,Oki I -.8090 -.9','65

-i. OiJ_ 1 -.8174 -.9442

-l. OOg I -.8287 -.9090

-l,OOg I -.8422 -.8708

-1.013 1 -.8571 -.8290

-1.020 1 -.8729 -.7834

-i.0_i [ -.9478 -.7060

-i.i_ i -i.009 -.6909

-1.201 I -i.059 -.6934

-l.Sbl i -1.098 -.7041

-i.29% I -1.130 -.7199

-1.333 I -1.156 -.7390

-1.367 1 -1.176 -.7608

-1.39(- I -1.193 -.7847

-i._22 I -1.206 -.8105

-i.¢4_ _ -1.216 -.8379

-i._3 I -1.223 -.8667

-l.a7g I -1.229 -.8967

-1.492 I -1.233 -.9278

-1.5o_ I -i.236 -.9596

-i. %2 i -I.238 -.992o

-1.5i6 I-1.239 -1.o24

-1.323 I -1.240 -i.056

-1.526 [ -1.240 -1.087

-1.527 ] -1.240 -1.113

-1.52U [ -1.240 -1.131

m=l

-0.8333
-. 8242

-.8158
-. 8o83

- .8017

-.:'_4
-. 7926

-. 79 °<

-. 7909

-.7939

-. 8000

-.8526

-. 9083

-.9594

-1.005

-l. OL(

-i. 083

-1.115

-i.14[

-z.169
-i.192

-1.211

-i. 228

- i. 242

-i.254

-i. 263

-1,270

-1.275

-1.278

-i. 280

-1.281

m=2

-0.6667

-.K607

- .6580

-.6583

- .6615

-. 6674

- .!< f5'(

- .&8_l

-.6983

-. 7117

-. 7258

-.7941

-.8513

-. 8980
-.936i

-.%72
-. 9926,

-1.013

-1.o3o

-i.o43

-1.053
-1.062
-l.e<8
-i.O72

-1.O75

-l.Cr'(

-1.079

-1.079

-i.o8o
- i. 080

-1. o8o

A

4
2

6
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TABLE I.- GENERALIZED INDICIAL FORCE, _ (to) , FOR H:I.2, A:4 (Cont'd)

t p
O

O. 0

.04545

•09091

.1364

.1_IB

.2273

.2727

.2545

.18Z8

• 9091

k. 13 A

1.3d 4

i.59i
1.818

2.O15

2. 273

2. 500

2'.727

2'.9)5
3.182

3.4o9

3.63 d

3.8_4

4. o9i

4.318

4.545

4.7_3

5-ooo

O.

.04545

•09091

.1364

.1818

.2273

.2727

.3182

.363,1

• 4091

.4545

.6818

.9o91

i. 136

1.364

1.591
i. 8i8

2.045

2. 273

2. 500

2. 727

2-955

3. i82

3. ko9

3.636

3.66_

4. o91

4.318

4. 545

L. 773

5.000

m=$

-4.441

-4.3C0

-4.187

-4.04 T

-3.939
-3.841

-3.75 k

-3.6,'T

- 3. !iOf

-3. 519

- 3. %97

-3. 511

- 3.62 C,

-3. T40
-3.85_

-3.969
-4.0T3
-4.170

-4,260

- 4.3 ;, 5
-4.42_

-&. 49g

-4.565

-4J89

-4 .;86

-4. v44

- 4. 794

m=i

-2. <;22

-2.15 &

-2.100

-2.o58
-Z .C,29

-2. 010

- 2. 008

- 2. C,OZ

-2. C,0_

- 2. Cl_

-2. o38
-2.163
-2. 281

-2.38;'
-2. ;_q8

-2. 540

-2 .gC_

-Z.654

-2. "99

-;. v36

-_.7;8

-2, "i'9h

-2.816

-F.83 L

- 2.8'_8

-2.&io

-p.8A8

n=8, q=2 or n= , q=8

-i.£_. i _ -2.222

-i. -4 ; -k. li_<

-1.L l -2.048

-1.LC -1.989

-1.,6 -1.918

-1. L] L - i. 8,32

-I.,-Z -i.75_

-1.:,4 -i.6v8

-1.L_ _ -1.603

,e -i. 530

-1.721 -i-'_59

-L.F" _ -1.348

I -1.<L L -i._39

-1._7 -1.358
-1. #:i' -1. 390

--_ 05'; -i. ksa

-1.9( k -1.L71
-1.99 : -i. 516

- .(1 -i. 562

-;-<3 -l.g08

-;<.(4 _ -!.I<55

-2.65. -1.702

-i:.?A -i. "!6!

-L .c'r • -1.795

-;.C r" -1.640

-2.C7 -1.884

-; :.C7 -!. 92<"

-1.3-£: -_':_: I -133_3
-i. <:_7 -I .041 -1.334

-1.3F8
- i. 304

-h2S7

-i. 7 M

-i. f 7:D

-1.71

-1.341

- i. &!i

-i. ".'4

-i. 529

-1.F78,
-i ,6Z2

-i _a• .%

-I.(gL

-i. v2i

-i. S_<

-1.7M7

-!. 78¢

-i. 801

-1.813

-1.823

-1.830

-l. 038

-I.CIK

-i. 0 _:

-i. 05#

-1. L';y

- 1. :',.5q

-i. 10;

-i. io_
%

-l.2e _

-i. 32Z

-z.2,P
-1.50 L

-i. -2;4

-i. _18"

-i. r-r

-i. 511

-i. 5i#

-i. 523

-Z.52G
" coo

-i. 530

m=l

-i.ii].

-l.:3v:i

-i.3-

-i.81:i

-1.28L -.99 _:

-1._33 -.9 _2

-1.18o -.953/

-1.124 -.9412
--!,Of "," -- CS-_I

. j ,_

-1.006 -.929

_ 9M9_

_. 798 o - I. 01,

-. :c3; -i. _ :;

-.7991 i -i.iO:

-.8121 -i.13

-. 829f - i. 1,:,b

-.851 ] -i.19 "

-.875 _ -I.O2<

-.902] -I.P4_

-.931] -1.2c_

_ a&_' -1,28R

-.993. < -1.29b

-i. O2_; -i. 311

-l. Od2 -1.322

-i.09_ -1.331

-1.133 -1.33 ,_
-I.i{_ -1.322

-1.203 -1.3_

-i.235 -1.342

-I. 25 d -!. 34_

-4.841 -2.874 -2.C7 -1.96; , -1.836 -1.531

-%.88'2 -2.877 -L!.07, -2.005 -1.830 -1.531

-4.917 -2.8_9 -2.C7_ -2.038 -1.81! -1.1_1-4.910 -P.880 - .Cv_ -2._::0 -i P) _ i <q&

N
n=l, ,,_n

1"

0 -_.144 1 -2,222 -1.48 i -2.222 1 -I.181 -i.iii [ 2

-4.298 I -2,153 -1.44< -2,145 I -1.4_3 -l.rV:8 1

-4.1oi I -_._9_ -1.41 -2.061 I -1.390 -i.0_5 i-<034 I -2.053 -:._o: -1.98L'I -1.353 -i.oLZ
-3,911' I -2,019 -1,39' -1,898 I -1.321 -1.o34 i

-3.8o9 I -1.99_ -L._0 , -1.8i31 -1.295 -i.o34

-3.711 1 -1.982 -i.!,1_ I -i.728 I -1.275 -1.039
-3,621 ] -1.9i'7 -1.43 -1.64hI -1.260 -1.048

-3.541 I -1.979 • I _-_._. -1.5621 -1,252 -i.O I

-_._da_ _ i -i ..a88 - L. l_7;, -1.4811 -1,249 -i. O_,'d

-3.406: I -2.003 -L.50 -l.h021 -1.252 -1.092

-3.365 1 -2.109 -n,% -i.2561 -1.30i -l.r,'l

-3.1211 I -2.208 -L.[o -i.2141 -i.357 -1.234

-3._93 I -2.29F -1,737 -1.2011 -I.A07 -I 285

-3,564 I -2,362 -1.8-': I -1.2021 -1,450 -1.325 i
-3.632 I -2.421 -i._ -1.212 I -1.489 -1.35 M

-3.69F I -2.470 -L.$9( -1.224 I -1.522 -1.382

-3.757 1 -2.512 -1.9-:0 , -1.245 ] -1.551 -1.402

-3.813 I -2,548 -1.9_] , -1.266 I -1.577 -1 418 i

-i. 430-3.8#7 1 -2.577 -1.9_i -1.2901 -1.599

-3.917 I -2.A02 -i.96. -1.315 I -1.619 I
-3.9_5 I -2.d2l,_ -1.97_ -1.3_2 I -1.635 -1.g48 I

-4.Oil I -2.641 -i.9_f -1.3701 -i.650 -1.,53 I
-4,055 I -2.656 -1.98 _ -1.3991 -I.g62 -1.458 !

N_,097 I -2.668 -1.99] _ -1.429 I -1.673 -i._<i
-4.138 1 -2.67'v, , _'_._,.,_or. -1.¢60 I -1.681 -1._i 3 [

-4.177 i -2.684 -L.99_ -1.4921 -1.687 -1.;_14 1
-4.214 I -2.690 -1.99[ -1.525 1 -1.692 -1.;_5

-_.250 I -2.693 -1.99 <. I -1.55"I -1.695 -1._'15 !

-4.281 I -2.695 -j aq_ -1.5871 -1.697 -1._;_

-4.304 1 -2.iic_ _:1..9_{ l -1.K061 -1.698 -l.:I _ t

m=2

-.@31' '
- 8_22

-.8242

-.82_

-.@3 b:
_. 8Lb

-. 8 _,':

-. _'99

-. 03_i

-. 9918

' -I.03,"
-i. O"L

-i. 104

-1.128

-1.1].8

-i.i' ]

-I. i'?

-I.I$(<

- I. 19 &

-i. 200

- i. 204

- 1,207

- !. 2',3_
-1.211

-1.211

-1.212

-i. 212

- !. 21 ,q

-l. SSl -i.iii -3.88_ 9

-1.h31 -1.07[ _

-1. 380 -1.04:: -. _-'+2,

-1.329 -1.012 -.q293

-_.27q _ cca_-c _ _c],
-i. 220

-1.1_2 1
- i. iO1

-1.037

-. 9Y08

-.9or:

-. 7KF3

-. 7085

-.6797

-.6d35

-/551

-.652a

- .6542

-.A5_
-.4A83

6_aa
-. 'lw_

- ,6942

-. 7110

-. 7303

-.T520

-.7759
-. 8020

-. 8300

-.859o

-, 8872

-. 908i

- o*<271 - 8102

-.942 I -.8211
-.9288 I -._24_

-.91_2 I -.8253
-.9122 [ -.8459

-.91101 -.85 _

-.9380 -.ar, l

-.fr'35 -.955
-1.00" -i. OO;

-i.03 ", -i.03@
-l.Oq4 -I.6/3

-I.082 -I.0S_;

-l.llC -i. IO1

-1.129 -1.114

-1.147 -1.125

-l.l_q2 -i.133

-i. i',?: -i.140

-I. 188 -i. 115

-1.198 -I.IL 9

-1.20',' -1.151

-i.215 -:.153

-i.220 -1.155

-i.225 -i.i55

-1,228 -!.!5'

-1,230 -!.15_

-1,230 -1 .19



54

TABLE
I.- GENERALIZED !NDICIAL FORCE, _ (to) , FOR M:I.2, A=4 Concluded)

t
o

O.

.0_5_5

.O9091

.136_

.1818

.2273

.2727

•3182

.3636

.4091

.4545

.6818

•9091

i. 136

I. 364

1.591

i. 818

2.045

2. 273

2.5OO

2. 727

2.955

3. 182

3. 409

3.636

3.864

4. 091

4.318

4.545

4.773

5 •000

n=l, q=2 or n=2, q=l

m=O m=l m=2 p m--O m=l m=2

-6.667 -3.333 -2,222 I -3.333 -2.222 -1.667

-6.376 -3.195 -2.137 -3.181 -2.127 -l,gOl

-6.109 -3.082 -2.080 -3.027 -2.043 -1.552

-5.866 -2.993 -2.045 -2.873 -1.970 -1.520

-5.645 -2.923 -2.030 -2.721 -1.908 -1.501

-5.444 -2.873 -2.030 -2.572 -1.858 -1.493

-5.264 -2.839 -2.041 -2.425 -1.818 -1.495

-5.103 -2.820 -2.061 -2.284 -1.789 -1.504

-4.960 -2.813 -2.0_ -2.147 -1.770 -1.518

-4.835 -2.818 -2.116 -2.017 -1.760 -1.536

-4.726 -2.833 -2.146_ -1.893 -1.759 -1.556

-4.605 -2.95& -2.290 -1.651 -1.809 -1.655

-4.638 -3.073 -2.403 -1.564 -1.872 -1.736

-4.699 -3.174 -2.489 -1.525 -1,930 -1.800

-4.766 -3.258 -2.555 -1.507 -1.981 -1.850

-4.832 -3.329 -2.607 -1.503 -2.025 -1.889

-4.896 -3.368 -2.647 -1.508 -2.064 -1.921

-4.957 -3.438 -2.679 -1.519 -2.098 -1.946

-5.015 -3.480 -2.703 -1.535 -2.128 -1.966

-5.070 -3.516 -2.722 -1.554 -2.155 -1.981

-5.123 -3.546 -2.737 -1.577 -2.178 -1.994

-5.174 -3.572 -2.748 -1.603 -2.198 -2.003

-5.224 -3.593 -2.756 -1.631 -2.215 -2.010

-5.272 -3.611 -2.762 -1.661 -2.230 -2.O16

-5.319 -3.626 -2.766 -1.693 -2.243 -2.020

-5.365 -3.637 -2.769 -1.728 -2.253 -2.022

-5.kll -3.647 -2.771 -1.764i -2.261 -2.024

-5.456 -3.653 -2.772 -1.803! -2.267 -2.025

-5._99 -3.657 -2,772 -1.842 1 -2.271 -2.025

-5.540 -3._60 -2.772 -1.8801 -2.274 -2.025

-5.571 -3.661 -2.773 -1.910 -2.275 -2.026

m--O

-2.222

-2.122

-2.024

-1.926
-1.828

-1.728

-1.627

-1.525

-1.420

-1.314

-1.207

-.9863

-.8938

-.8394

-.8o44

-.7816

-.7674

-.7599

-.7579

-.7607

-.7677

-.7786

-.7933

-.81i6

-.8336

-.8592

-.8884

-.9210

-.9564

-.9925

-1.021

m=l

-1.667

-1.595

-1.530

-1.473

-1.423

-1.380

-1.344

-1.316

-1. 295
-1.282

-I. 276

-1.299

-1.337

-1.375

-1,4o9

-1.439

-i. 467

- i. 492

-i. 514

-1.534

-1.552

-1.569

-1.583

-i. 595

-1.606

-1.615

-i.623

-1.628

-i.632

-i.635

-1.636

m=2

-I.333

-1.280

-1.239

-1.211

-1.192

-1.182

-1.180

-1.185

-1.194
-1.206

-1.220

-1.294

-i. 356

-i. 406

-i. 446

-1.477

-1.503

-1.524

-1.540

-1.553

-1.564

-1.572

-1. 579

-1. 583

-1.587

-1.589

-1.59i

-1.592

-1.592

-1.592

-1.593

n=2, q-_

I
O. 0 -10.67 [ -5.333 -3.556 I -5.333 -3.556

.04545 -10.09 -5.057 -3.383 -5.031 -3.366

.0909i -9.563 -4.831 -3.263 -4,732 -3.199

.i364 -9.087 -4.649 -3.186 -4.438 -3.057

.1818 -8,660 -4.508 -3.143 -4.152 -2.936

.2273 -8.277 -4.401 -3.127 -3.876 -2.837

.2727 -7.936 -4.325 -3.132 -3.611 -2.759

.3182 -7.635 -4.276 -3.153 -3.359 -2.700

.3636 -7.371 -2,250 -3.183 -3.121 -2.658

.4091 -7.142 -4.244 -3.221 -2.899 -2.634

.4545 -6.945 -4,254 -3,261 -2,691 -2.624

.6818 -6.658 -4.391 -3.451 -2.266 -2.666

•9091 -6.630 -4.534 -3.600 -2.096 -2.734

1.136 -6.659 -4.657 -3.714 -2.003 -2.800

1.364 -6.707 -4.759 -3.801 -1.949 -2.858

1.591 -6.762 -4.844 -3.868 -1.918 -2.910

1.818 -6.818 -4.916 -3.921 -1.902 -2.956

2.045 -6.874 -4.977 -3.961 -1.897 -2.996

2.273 -6.929 -5.028 -3.993 I -1.901 -3.031

2,500 -6.983 -5.072 -4.017 1 -1.912 -3.063
2.727 -7.036 -5.109 -4.036 -1.928 -3.090

2.955 -7.089 -5.140 -4.051 -1.949 -3.115

3.182 -7.141 -5.167 -4.061 -1.974 -3.136

3.409 -7.192 -5.189 -4.069 -2.003 -3.155

3.636 -7.244 -5.208 -4.075 -2.036 -3.170

3,863 I -7.296 -5.223 -4.079 -2.073 -3.183

4.091 1 -7.349 -5.234 -4.081 -2.114 -3.194
L.318 -7.403 -5.243 -4.082 -2.160 -3.202

4.545 -7.458 -5.249 -4.083 -2.209 -3.208

4.773 -7.512 -5.252 -4.083 -2.260 -3.211

5.000 -7.557 -5.255 -4.084 -2.303 -3.213

-2.667

-2.534

-2.435

-2.365

-2.321

-2.297

-2.290

-2. 296

-2.31i

-2.333

-2,358

-2,486

-2,592

-2.674

-2.739

-2.790

-2.831

-2.863

-2.888

-2,909

-2.924

-2.937

-2.946

-2.953

-2.958

-2.96i
-2.964
-2.965
- 2. 966

-2.966

-2. 967

-3. 556

-3.357

-3.164

-2.974

-2.787

-2.6o2

-2. 418

-2,235

-2.054

-i. 875

-1.698

-i. 326

-1.162

-1.060

-.9910

-. 9417

-.9o66
-.8821

- .8662

-.8577

-.8555

-.8592

-.868_

-.8831

-.9033

-. 9291

-.961o
-.9989

-1.043

-1.091

-1.132

-2.667

-2.523

-2.396
-2. 284

-2.i87

-2.104

-2.035

-1.98i

-1.939

-1.911

-1.8_
-i.905

-1.942

-1.982
-2.020

-2,054

-2.085

-2,114

-2.140

-2.163

-2.i84

-2.203

-2.221

-2. 236

-2.250

-2.261

-2.271

-2.278

-2.283
-2.286

-2.288

-2.133

-2.026

-1.943

-1.883
-1.842

-1.817

-1.8o6
-1.805

-1.8i4

-1.828

-1.846
-1.940

-2.020

-2.084

-2.i35

-2.175

-2.2o8
-2.234

-2,256

-2.273

-2.286

-2.297

-2.305

-2.311

-2.316

-2.319

-2,321

-2.322

-2.323

-2.330

-2.324



TABLE If.- GENERALIZED SZNUSOIDAL FORCE AHPIXTUDE

FOR M:I.2_ A:4
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-pq

O• 02000
O4OOO
O6O0O
08000
1000
1200
1400
1600
18oo
2000

2200

24oo
2600

2800
3000

.3200

•3400

•3600
• 38oo
4o00
4200

44OO
46oo

4800
5000

5500
6000
65oo
7000
7500
8000
.8500
•9000
.95oo

i• 000

!.i00

i. 200

i.3oo
1.40o
z. 5o0
1.6oo
i.7oo
1.800
1. 900

2. 000

Re al

_L.881

-4.843
-4.780
-4.6!)¢

-4.588
-4.465

-4.327
-4.177
-4.021

-3.8_2
-3• 702

-3• 547

-3. 398
-3.259
-3.133
-3.021
-2.924
-2• 843
-2• 779
-2.732
-2.699
-2.680
-2• 674
-2.678
-2.69o
-2.71#2

-2.8o1
-2.841

-2.851
-2.831
-2. 792

-2.750

-2. 720

-2. 712

-2. 729

-2. 812

-2• 889
-2.911
-2.9o2
-2• 919
-2. 980
-3. c49
-3. o86
-3.6,95
-3. ]-o9

(a) n:O, q:C,, p:O

m=O

imag nary

0.1 :_-94
• 3748
• 5_22
• 7] 80
• 8683

I. ( 02

m.L15
1.2 (]_'

i.275

i.321
i• 344
i.!145

i.325
i.288

i.L34
i.]67

i• ],90
i.006

•9171
• 8272
-338
(540

575]
5035
i#405

2631

.244_
• 243_
•224/

• 181(

.ll(]f

• :3401 8

-. 033(Y
-. 1309
-. 15o_
-..146_;
-. 1.1'8;
-.2441
-. 296!_
-.304_;
-. 287;
-. 284:.
-• 307r, "

Re al

-2.633
-2.622

-2.605
-2.582

-2.552
-2.517

-2.477
-2.433
-2. 385
-2. 335
-2. 282

-2. 229

-2. 174

-2.120

-2.067

-2. oi5
-1.965

-1.9i8
-i. 874

-i. 832
-1. 794

-1.76o

-i.729
-i.701
-1.677
-i. 628

-1.595
-1.573
-i.557
-1.543
-i.530
-i. 516
-i. 503
-1.490

-1. 480
-i. 467

-1.464

-1.465
*

-1.4o6

-i. 466

-i.469

-1.475
-1.484

-1.492

-i.499

Imaginary'

o. 07022
.1396

.20,72
2724

3,3;#3
3923
4%8

4943

5374

5748

.6O64

.6321
• 6519
•6661
.6748

•6744
•6773

.6721

.6631
•6509

6361
6193
6oo8
5814
56!3
51!3

• 465]
• a-252
•3'923
•3653
.3422

•3210
3OOO
2784

2561

2118

1730
1423
•1169

.0928
• o691 :',
•0475 [
.0298 :
•0i53_
• 0023 ,,8

2!=_1

Re al Imaginary

-1.8/9
-i. 815
-1.808

-_. ib%:

-1,785
- 1. 770

-1.753
-1.733
-i.712

-I.689
-1.664

-!.639

-1.6i3
-1. 586
-1. 558
-i.531

-1. 503
-i. 476
-i. 450

-1.424

-1.399
-i.375

-1.352
-1.33o
-i. 3io
-1,263
-1.224

-!. 192

-1. 165
-i.143
-i.124
-1. lO8
-i. 094
-i.o8i

-i. 0(9
-1. 050
-i.035
-1. 024

-i.o16
-i.010
-i. 006

-i. 0o3
-1. 001

-i. 001

-i. 001

0. o3723
.01_1

.11C5

.1L60

. i8o3
•2132

.2_46

.2740

3ci5
3269
3450,
3_c8
3892
4052

4_88

4301

4391

.4460

.4509

•4538

.4550
• 4546

._pzo

.4497

4455

4314

"i38
3948
3757
3573
3401
3241
3090
.2947
.2809
.2544

•2293
.2061

.1853

.1664

.149o

.1328
•1179
•lO43
.09195
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TABLE i!.- GENERALIZED SINUS01DAL FORCE AMPLITUDE_

FOR M=!. 2, A=4 (Cont 'd )

n:% q=0, p:l

m=O m=l m=2
k

Re al Imaginary Re al Imaginary Re al Imaginary

O. 02 000

• 04o0o
•o6ooo

•o8ooo
•1000

•1200

•1400

•L6oo
.18oo
• 2000
• 2200
•240o
•2600

.2800

.3ooo
• 3200

• 3400
• 36o0

.3800
• 4000
.42o0

.4400

.4600

•48oo
• 5 ooo

• 5500
.6ooo

.65oo

• 7000

.7500

• 8000

.8500

•9000

.95oo
i. 000

i. !00

1.200

1.3o0
i. 400
1.500
1. 600

1. 700

i. 8OO

1.900

2. 000

-2. 248

-'2.220

-2. 174

-2. 112

-2. 036

-1.947

-i. 849

-1.744

-i. 636

-1.527
-i. 42O

-1. 318

-1.224

-1. 139
-1. 066

-1. 006

-. 9586

-. 9254

-. 9058
-. 8991

-. 9044

-. 9202

-. 9448

-. 9765

-1. 013
-1.114
-1.206
-1.268
-1.295
-1.288

-l._oS

-1.234

-1.217

-i. 222

-i. 249

-1. o4p
-I. 426

-!. 446

-i. 436

-1.453

-1. 510

-1.573
-1.603

--. oO_
-_ 67 0

O. 1192

.2352

•3449

.4456

.5345

•6097

•6693

•7122

•7378

.7460

•7373

•7126

•6734

.6216

• 5592

•4887

•4127

•3336

.2540

•1763

.1026

.03477

-.02576
-. 07785

-.1208
-.1874

-.2019
-. 1814

-. 1478

-. 1219
-. 1178
-. 1400

-.1838
-. 2380

i 723

-1. 715
-1. 702

-i. 683
-1.66o
-1.632

-1. 601

-1. 567

-1.530
-i. 49o

450

-!. 409

-1. 368
-1. 327
-1.288

-1.250
" 214

--2_,

-1. z8o
-i. 149

-1• 120

-1.095
-I. 072

-1.o53
-i. 036

-i. 022

-. 9969

- •9834

-. 9771

- •9740

-. 9713

-. 9674

-. 9620

- .9557
- •9497

-.2892

-. 3427

-. 3238

-. 2891

-. 2952

-. 3372

-. 3660

-. 3524

-. 3170

-.2995

-. 3101

•9450

• 9418

• 9461

•9527

• 0_7

.9612

•9663

•9740

•9830

•9912

•9982

O. 05160

•1025
•1520

•1994
.2442

•2857

•3235

•3573

•3866

•4114

•4314

•4467

•4573

•4635

.4654

•4634

.4578

•4490

.4376
•4240

.4086

•3919

-1.355
-1.351
-i. 345

-1. 337

-1. 327

-i. 314

-1.3oo
-i. 284

-1. 266

-1. 247
-1. 228

-1.207

-1. 185

-1. L63
-1. 141

-i. 119

-1. 097

-i. 076

-1. 055

-1.035

-I. 015

-. 9965

.3744

.3565

•3386

.2956

.2581

•2278

.2045

•1866

•1722
.1589
.1455
.131o
.1156
.08459

.o584o

.03927
•02427

•009649

-•005372

-.o1885

-.02915

-.03682
-.04362

.9788

.9621

.9464

.9119

.8837

.6610

.8429

.8282

.8161

•8057

.7965

.7882

.7808

.7682

.7591

.7529

.7488

.7459

.7440

.7431

.7432

.7440

.7453

0,02950

•5875

•8750

.1155

.1425

.1684

.1928

.2158

.2370

.2564

.2739

.2895

.3031

.3146

.3242

.3319

.3377

.3418

.3442

.3451

.3445

.3428

.3399

.3360

.3314

.3171

.3007

.2837

.2673

.2520

.2380

.2252

.2134

.2023

.1917

,1712

.1519

.1343

.1186

.1046

•09179

•07988

•06894

•o59o5
.o5o_6

4



TABLE II.-
T_n..

GENERALIZED SINUSOIDAL FORCE AMPLITUDE, Q_(k)

FOR M=I. 2, A=4 (Cont 'd )

n=O_ q:O, p=2

m =0 m =i m:2
k

Re al Imagi ha: Re al Imaginarj Re al Imaginary

0. 02000

.04000

. o600o

• o8ooo
.1000

.1200

.1_00

.1600

.18oo

.2000

•2200
•2400

•26oo
•2800

•3ooo
.32OO

.3400

•3600

.3800

.4000
•4200
•440o
.4600

.48oo

.5ooo

.55oo

.6ooo

.65oo

.7ooo

•75oo

• 8ooo

.8500

.9ooo

.95oo

i. ooo

1. 000

1.5oo

i. 300

1.4oo

i. 5oo
1.600

1. 700
1.8oo

1.9o0
2. ooo

-1.434

-1.413

-i. 31'7

-1. 328

-1. 269

-1.200

-1. 124
-1.044

.9622

8806
•8o19

-. 7284
-. 6621

.6046

•5574

-.5212
•4966

•4837
.4820

-. 49o8
-.5o9o
-.5353

•5681

-.6056

- 6460

-. 7485

-.8341

-.8872

-.9033

-. 8887
-. 8574
-. 8259

-. 8083
-. 8126

-. 8390

-. 9281

-. 9969

-i. OO5

-.9866

-. 9965

-i. 047

-i. !01

-i. 120

-1. 113
-1.1L3

_q f,)(0. U DO_.

.1698
• 2_82

• 3191
• 38o5
.43o6
• 4680

• k [-)2 0

.5020

.4981

• 4309
.4513

41o7

.3607

.3{932
• 2404

• 1745

.]076

.04181

-. 020T.

-. 0784

-. }298

-. rf38

-.2o95

-. 2366

-. 2673

-. 2532

-.2118
-•1644

-.1,299

-.1199

-.1370
-.1748

-.2217

-. 2643

-. 3001

-. 2676

-.2253

-. 2268

-. 2636
-. 2861

-. 2671

-. 2289
-. 21o5

-. 2205

-1.278
-!. 271

-i. 260

-1.245
-1. 226

-1.2o3
-1. 177

-i. 149

-1.119
-1. 087

-1.o55

-i. 022

-.9989

-.9566

-.9254

-. 8957

-.8679
-. 8421

-. 8187

-. 7977

-. 7793

-. 7634

-. 7500
-.7390

-.7302

-. 7166

-.7118

-. 7120

-.7137

-.7146

-.7z35
-.71o4

-.7o61

-.7o2o

-.6989

-•6985

-.7045

-. 7118
-. 7169

-. 7204

-. 7251

-•7323

-. 7404

-.7475

-.7534

O. 04072

•o8o83
.1197

.1569

•1918
•2240

.2530

•2786

3004

3184

3325

3426

3488

3514

.3505

.3465

.3396

•3303

•3189

.3058
•2916

.2765
•2610

2453

2300
1942

1643

1415

1251
1134
lO43

09579

08658
07607
06441

04057

O2113

OO80J_

-. 00173_

-. 01179
-. 02266

-. 03231

-. 03913

-. 04371

-. 04780

-i. 079
-i. 076

-i. 071
-i. 064

-1. O55
-i. 044

-i• 032
-1. o18

-1. 003

-. 9876

-.9707

-.9532

-.9352

-.9169

-.8984

-. 8800

-.8619
-. 8441

-.8268

-. 81o2

-. 7943

-. 7792
-. 7649

-.7515

-.7391

-. 7120
-. 6904

-.6734

-.6602

-.6498

-.6412

-.6339

-.6273
-.6214

-.6159

-.6069

-. 6005

-. 5966

-. 5942

-.5927

-. 5918

-.5917

-. 5923

-.5935

-.595o

0. 02442

•04861

.07237

•o9548
.1177

•139o
.159o
•1777

•1949

• 2106

.2246

•2369

.2476

•2565

.2637

•2693

•2733

•2759

•2770
•2769

.2756

•2733

•2702

•2662

•2616

•2483

.2335

•2186
•2046

• 1918

.18o3

.1700

.z6o6

.1517

.1432

•1268

.1113

.09718

•08479

.07380

.06373

• 05438

• 04582

•03814

• 03128
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TABLE II.- GENERALIZED SINUSOIDAL FORCE AMPLITUDE, Q_(k)
/_£&£

FOR M=I.2, A:4 (Cont'd)

n=O, q=l or n=l, q=O; p=O

m=O m=l m-2
k

Re al Re al Re al

O. 02 OOO

•O4OOO

.06000

•O8OOO

.i000

.1200

•24oo
•16oo
•1800
•2000

•2200
.2400

.2600

.2800

.3000

• 3100
• 3400

.3600

.3800

.4ooo

.4200

• 44O0

.4600

• 48oo

.5ooo

•55oo
.6ooo

•65oo

• 7ooo

.75oo

.8000
• 8500

.9ooo

.95oo

i. ooo

i. IOO

i. 200

1. 300
1.40o

1. 500
z. 600
i. 7OO
1. 800

1.900
2. 000

-4. 176

-4.145

-4. 096

-4. 029
-3.946

-3. 849

-3. 740

-3.624

-3.503

-3. 379
-3.256

-3. i36

-3. 022

-2. 917
-2. 822
-2. 739
-2.668

-2. 610

-2. 566

-2. 534

-2.5i4

-2. 505
-2. 506

-2.515

-2. 529
-2. 581

-2.635
-2.671

-2• 681
-2.666

-2.638
-2. 608

-2.590

-2.592

-2.615

-2.699

-2.773

-2.797

-2.798

-2.825
-2. 889

-2. 957
-2. 996

-3. 010

-3.031

Imaginary

O. 1433

•2833

•4170

•5414

.6539

•7522

•8346

•8996

•9469

•9757

•9866

• 9803
•9582

.9218

.8732
•8146

.7484

.6771

.6o31
•5286

•4560

•3869

• 3230

•2656

.2153

• 1236

• 07690

.06234

.06158

.o5681

.o356o
-.006429

-.O6556

-.1324

-.1954
-.2762

-.291o
-.2897

-. 3216

-. 3814
-.4257
-.4298
-.4135

-.4119

-•4333

-2. 362

-2. 353

-2. 339

-2. 320

-2.296

-2. 267

-2.234

-2. !98

-2.159
-2.118
-2. o75

-2.031
-1. 987

-i. 943

-i. 899

-1.857
-1. 817

-1. 779
-1.743

-1.7o9

-I. 679

-1.651
-1. 626

-i. 604

-1.585

-i. 546

-i. 52O

-i. 5O2

-i. 489

-i. 478
-1.468

-1.457
-i• 446

-1.436
-1. 428

-i. 419

-i. 419
-i. 422

-i. 424

-i. 427

-i. 432
-i• 439

-i. 449

-1.458
-z. 466

Imaginary

O. o5679

• 1129 -i.

• 1676 -i.
•2201 -i.

•2701 -i.
•3168 -I.

•3598 -I.
•3987 -i.

•1331 -!.

•4629 -i.
•4879 -i.

• 5O80 -1.

.5233 -].
• 5340 -1.

•5402 -1.
•5423 -1.
.54o6 -1.

•5355 -1.

• 5273 -1.
.5167 -i.

•5039 -1.
• 4895 -1.

• 4738 -1.

.4574 -i.

.4405 -i.

•3986 -i.
• 3600 -1.
.3268 -1.

•2993 -i.
•2762 -i.

.2563 -i.

.2376 -i.

.2189 -I.

•1996 -i.

•1797 -i.

•1403 -i.

.1059 -i.
•07855

• 05551

.03350

.01187

-.OO7667 -

-.02374 -

-.03692

-.04883

-1. 673
669

663

655
644

631

617
60o

582

563

542

521

498
476

452

429
4o6

383
361

339
318

298

278
260

242

203

17o

143
12o

ioi

085

o71
058

047

037
020

o07

.9983

•9917
•9870

•9836

•9816

•98o8
•981o

•9819

Imaginary

-O. 02455
-.04838

-.o7o8o
-.09116

-. 1o89

-.1234

-.1343
-.1412

-.1440

-. 1425
-. 1368

-. 1269

-.o1131

-,o9570

-.o7513
-.05187

-.02644
• 00o5817
• 02860

•05702

• 08526
•1128

•1391

•1637
.1862
•2319
•2607

•2730

.2719
.2616

• 2469

.2318
•2191

•2O97

•2035

.1956

.i842

.1659

.1455

.1290
• 1174

.m068

•09433
. o806_

• o6845

A

4

2

6



TABLE II°- GENERALIZED SINUSO!DAL FORCE AMPLIqK#DE,

FOR M=I.2, A=4 (Cont'd)

n=(, q=l or n=l, q=O; p=l

or

0. 02000

.04000

.06000

.o8ooo

.1000

.1200

.14oo

.16 oo

.1800

.2000

.2200

.2400

.2600

.28o0

.3ooo

.3200

.3400

.3600

.38OO

.4ooo

.4200

.44oo

.4600

.4800

.5ooo
•55oo
.6ooo

.65oo

.7ooo
•750o
.8000
.8500

.9o0o

.95oo
i. 000

i. i00

1.200

1.3oo
1.4oo

1. 500

1.6oo

i. 700

1.8oo

1.9oo
2. 000

Real

-1.814
-1.792

-1.757

-2.709

-1.650
-1. 582
-1.5o6
-1. 426

-1.344

-1.261

-1.181

-2.2o5
-1.036

-.9746

-.9228

-. 8814
-. 8509
-. 8314

-. 8228

-.8244
-.8352

-.8542

-.8798

-.9106

-.9_48
-1.035

-2.115
-1.169

-l.19z
-i.188

-1.170

-1.151

-1.144

-1.156

-1.187
-1.28o
-2.354

-1.375

-1.374

-1.398

-1.457

-1.518
-2.547

-2.552
-1.565

m=O

Imaging

o.o861

.170_

.249_

.3212

.383_

.43)4

.474_

. _011

.5231

. i)12(

.498i

.472
.438_
. _87E
.3325

.,°72]

.207_

.1416
.075i

.0115

-. 0475

-. 1o21
-. 150#
-. 192_
-. 2252

-. 275C

-. 2832

-. 264_
-. 2376
-. 219_
-. 220'

-. 244C

-.p84_
-. B32c
-. 3752

-. 416_

-. 396 c

-. 368f

-. 3772

-.4145
-. 4376

-. 4222

-. 3897

-. 375C

-. 384_

Real

-2.525
-i 519

-i 5o8
-i 493

-i 474

-i 452

-i 426

-i 398

-i 368

-i 336

-i 304

-1. 271

-1.237

-i.205

-1.173

-1.143

-1.124

-i. 087
-i.o62
-i. 040

-i. O20

-1.002

-.9869

-.9740

-.9633

-.9447

-.9352

-.9312

-.9295

-.9279

-.9252

-.9213

-.9168

-.9225

-.9O96
-.9o92
-.925i

-.9226
-.9285

-.9334

-. 9398

-. 9486

-. 9582

-.9672
-.975O

m=l

Imaginarl/

0.01316

•02622

.03909

.05167

.06387

.07561

.08680

.09739

.2073

.1165

.1249

.2325

.1393

.2453

.2504

.2546

.2581

.2607

.1625

.1636

.2640

.2637

1628

1614

1593

1523

1430

1322

1202

1078

09529

08297

07104

05964

04885
o2916
o227i

-.oo4oi]

-.01837

-.03141

-.04296

-.05295

-.06i54

-.O69O2

-.o7559

Real

-2.239

-1.236

-1.231

-1.224

-1.215

-1.205

-i. 193

-1.18o
-_._6j

-1.149

-1.132

-1.115

-i.097

-1.078

-1.060

-2.041

-2.023

-1.oo5
-.9874

-.9704

-.954o
-.9383

-.9236

-.9096

-.8965

-.8675

-.8438

-.8247

-. 8094

-.7970

-. 7867

-.7778

-.7699

-.7628

-.7564

-.7458

-.7382

-.7333

-.7302

-.7282

-. 7270

-. 7268

-. 7275

-.7288

-.7306

m=2

Imaginary

-0.01260

-.o247_
-.04o10

-.04618

-. 05466

-.06123

-. 06564

-.06769

-.06727

-.06432

-.o5886

05097
oLoS1

02859

01457

0009402

01760

03506
05294

07088
08852
2055
1216

1361

1498

1761

1912

2958
.2929

.2824

.1704

.1586

.1485

.1409

.2355

.i277

.1179

.1037

.o885o

.07626

.06734

.05926

.o5o04

.04018

.03147



6o

FOR M=I.2_ A=4 (Cont'd)

0.02000
.o4ooo

.o6ooo

.o8ooo

.1000

.1200

.1400

.16oo

.18oc

.2000

.2200

.2_00

.2600

.28oo

.3ooo

.3200

.34oo

.3600

.38oo

.4000

.4200

.4400

.4600

.46oo

.5ooo

.55oo
.6000

.65oo

.7ooo

.75oo

.8ooo

.85oo

.900o

.95oo
1.000

1.100

1.200

1.300
1.400

1.500
1.6oo

1.7oo

1.8oo

1.9oo
2.000

Real

-1.125
-1.1o8
-1. o81
-1. 044

-. 9982
-. 9460
-• 8887

-•8283

-. 7668

-. 7062

-.6482

-. 5949

-. 5476

-. 5076

-.4761

-.4535
-.4402

-.4362

-.4411

-.4542

-.4746

-. 5OlO

-. 5321
-. 5665

-.6028

-. 6922
-.7648

-. 8088

-. 8219

-.81o5

-.7870

-.7653

-.7568

-.7674

-.7963
-. 8810

-.9429

-.9520

-.9411

-.9579

-1. o09
-1.o6o
-1. 079

-1. O76
-1. o81

n:O_ q=l or n=l, q:O; p=2

m=O

Imaginary

0.06105

.1200

.1750

.2240

Real

-i. 123

-1.117

-i. 108

-i. 096

.2655

.2981

.3209

.3331

.3344

.3251

.3054

.2764

.2390

.1947

.1450

-1. O80

-I. 062

-i. 041

-i. 019

-. 9943

-. 9688

-.9426

-.9162

-.8899
-. 8641

-.8394

.09169

.03650
-.01881

-•07254

-.1232

-.1693

-.2099
-.2441

-.2713

-.2914

-.3113

-.2958

-.2600

-.2219
-.1964

-.1925

-.2111

-.2460

-.2867

-. 3221

-.3479

-.3165

-. 2813
-. 2861
-.319o

-.3360

-.3158

-.28lo

-.2656
-.2746

-.8158

-.7938

-.7736

-.7553

-.739o

-.7248

-.7127

-.7026

-.6944

-.688o

-.6788
-.6764
-.6778
-.68oo

-.6814

-.6809

-.6789

-.6760

-.6733

-.6717

-.6735

-.6805

-.6884

-.6942

-.6987

-.7046

-.7125

-.7211

-.7288

-.7353

m=l

Imaginary

O. O1349
.O2681

.03979

.05227

.06411

.07516

.08532

.09448

.1026

.1096

.1154

.1201

.1236

.1260

.1274

.1278

.1272

.1259

.1239

.1213

.il8i

.i146

.11o8

.1o68

.1026

.09212

.08207

.07279

.06425

.05621

.04832

.04030

.03203

.02356

.o151o

-.0007837

-.01405

-.02475

-.03414

-.04315

-.05162

-.05881

-.06442

-.o6888

-.07283

m=2

Real Imaginary

-0.9832

-.9807

-.9764

-.9705

-.9631

-.9542

-.9440

-.9327

-.9202
-.9069

-.8928
-.8781
-.8631

-.8477

-.8323

-.8i70
-.8018

-.7870

-.7726

-.7587

-.7454

-.7328

-.7210

-.7098

-.6995

-.6770

-.6589

-•6448

-.6338

-.6250

-.6177

-.6115
-.6o6o

-.6oo9

-.5963

-.5888

-.5837

-.5807

-.5791

-..5782
-.5780

-.5784

-.5795

-.5811

-.5831

-0.007642

-.01499

-.02174

-.02764

-.03244

-.03592

-.03792

-.03830

-.03699

-.03395

-.02920
-.02282
-.0i490

-.005623
•004841

.01627

.02841

.04102

.05383

.06659

.07903

.09094

.1021

.1123

.1214

•1389
.1481

.1497

.1453

.1371

.1273

.1178

.io98

.io36

• o9907

.o9225

.o8393

.07252

.06056

.05093

.04384

.03741

.03018

.02255

.0i585

A

4
2

6



TABLE

19o..

II.- GENERAL!Z_]D SINUSO!DAL FORCE AMPLIZ_DE, _<k)

FOR M:l.2, A=4 (Cont'd)

r_=O_ q=2 or n=2, q=O; p=O

m:O m=l m=2

k

Real Imaginary Real Imaginary Real Imaginary

0.02000

04000

o6ooo

o8ooo

i000

12OO

14OO

26oo

18oo

•2000

.2200

.24OO

.26OO

.28oo

.3ooo

3200

3400

3600

3800

4000

4200

4400

4600

4800

5000

55oo

6ooo

.6500

7ooo

75oo

8ooo

85oo

9ooo

95oo

i.ooo

i.ioo

i. 200

I. 3oo

1.4oo

1.5oo

1.6oo

1.700

1.8oo

1.9oo

2.000

-4.928
-4.894
-4•839
-4.764
-4.672
-4.564
-4.445

-4.316
-4.181

-4.o45
-3.909
-3.775

<]538

•i040

•L 470

•._796

•( 987

._O20

• _873

.9533

•9991

l. (25

1. (3o

1. (16

-2.876
-2 867
-2 851
-2 829
-2 801

-2 769

-2 731
-2 690
-2 646
-2.599
-2.55o

-2.5Ol

O. O6 ]54

•12b 3

.187#

.2462

L9

•44 *7

• 48,27

j4

_5

-2.074

-2.070
-2.O63
-2.O53
-2.O4Z
-2.026

-2.OO9

-1.990
-1.969
-1.947

-1.923
-1.898

-3.654

-3.54O

-3. 437

-3.348

-3.273

-3.213

-3.167

-3.137

-3.119

-3.114

-3.120

-3.134

-3.154

-3.222

-3.290

-3.336

-3.352

-3.341

-3.314

-3.288

-3.277

-3.288

-3.324

-3.437

-3.533

-3.571

-3.584

-3.630

-3.718

-3.809

-3.864

-3.890

-3.926

•9848

9377

772

I;o58

_263

414

'.539

2_664

:1813

3007

_!262

•] 593

• : 008

-. (:06617

-. {6297

-. ()8366

-. _;8989

-. L 018

-. : 332

-. : 882

-._62o

-. :1432

-. 4z86

-. ';L43

-. 336

-. !,373

-. ,810

-.I 549

-. 7074

-. 'i'i14

-. I]928

-. 6931

-. 'i,19 8

-2.450

-2.401

-2.352

-2.304

-2.259

-2.216

-2.175

-2.138

-2.1o4

-2. 073

-2.O45

-2.o21

-1.999

-1.957

-1.929

-l.91o

-1.896

;1.885

-1.873

-i. 862

-1.851

-z. 841

-l.833

-1.826

-1.828

-1.835

-1.841

-1.847

-1.855

-1.867

-1.881

-1.895

-1.908

)4 -1.872

L3 -1.846

p -1.819

34 -1.792

53 -1.766

33 -1.739

T9 -i. 713

_6 -1.688

}0 -l. 664

16 -1.640

_9 -1.618

33 -1.597

32 -i. 576

36 -i. 531

T9 -i. 493

35 -i. 461

56 -1.435

T8 -1.413

34 -1.394

D3 -1.378

T2 -1.363

33 -1.350

98 -1.339

1]05 -1.319

_!85o -1.3o5

471 -1.295

5931 -1.288

-. 166 -1.283

-. 364 -1.280

-.O7292 -1.279

-.09292 -1.279

-.iC94 -1.280

-. 44 -1.282

O. 03609

. O7188

.1071

.1414

.1747

.2066

.2368

.2653

.2919

• 3163

.3385

.3585

• 376i

.3914

.4044

•415i

.4236

.4300

.4344

.4370

.4378

.4371

.4350

.4317

.4274

.4129

.3951

• 3759

• 3565

.3378

.3200

.3033

.2874

.2721

• 2572

.2282

• 2005

• 1749

.1516

.1303

.11o5

•09200

.07487

•05920

.614488
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ST SOTDA ,FOR or
FOR M=!.2, A=4 (Cont'd)

n=O,

O. 02000
.04000
.o6ooo

. o8ooo

.1000

•1200

.14o0

.1600

.18oo

•2000
.2200
.2400

.2600

.2800

.3ooo

.3200

.3400

.36oo

.3800

.4000

.4200

.4400

.4600

.4800

.5ooo

.55oo

.6ooo

.65oo

.7ooo

.75oo

.8000

.8500

.9ooo

.95oo

i. ooo

i. ioo

i. 200

z. 300
1. 400

1. 500
i. 6OO

i. 700
i. 8OO

i. 900
2. 000

Re al

m=O

-2.051
-2.028

-l. 989

-.1.936

-L. 871
-1. 796
-i. 713

-i. 626

-1. 536
-i. 146

-1.359

-1.278
-1.204

-l. 139
-1.085

-1. 043
-I. 014

-. 9969

-. 9920

-.9986
-1. 016

-z. o41

-i. 075

-i. 113

-1.i55

-1. 265
-i. 361
-i. 426

-1.456

-i. 456

-i. 441

-1.430
-1. 426

-i. 448

-i. 491
-i. 611

-1• 704

-i. 736

-i. 743

-i. 783
-1. 863

-1. 942

-1. 982

-1. 995

-2. 019

Imaginary

0.09027

•1777

•2596

.3334

.3969

.4481

•4857

•5086

.5164

•5092

.4873

.4519

.4043

.3463

.28oo

.2074

.i3zo

•05317
-.02394

-.09819
-.1677
-.23O9
-.2866

-.3340

-.3724

-.4302

-.4409
-.4222

-.3954

-.3797
-. 3866
-. 4z86

•4692

.5265

-.5774

-.6248
-•6021

-•5720

-.5869

-.6333

-.6588

-.6385

-.5999

-.5837

-.5954

q=2 or n=2, q=O; p=l

m=l

Real

-1.839

-1.831

-i.819
-1.802

-i.781

-!•755

-i.727

-1.695

-1.661
-1.626

-1.589

-1.552
-1.514

-1.478
-1.442
-1.4o8

-1.376
-1.346

-1.319
-1.294

-1.272

-1.253
-1. 236
-1. 222
-i. 211

-1.192
-i.182

-1.179

-1.179
-1.178

-1•176

-1.173

-1.169
-1.166

-1.164
-1.166

-1.176

-1.187
-l. 197

-1.205

-i. 215
-i. 228

-i. 242

-1.255
-1.266

Imaginary

O•O455O

.09033

.1339

.1755

.2145

•25O6

.2832

•3121

.3368

.3572

.3733

.3850

.3924

.3956

.3950

.3909

.3835

.3733

.3607

•3462

•33Ol
.3131
.2954

.2774

.2595

.2171

.18o4

.15o6

.i273

.io89

.o9339

.07870

.06352

•04728

.03019

-.oo3585

-.o3177

-.05275

-.06987

-.08680

-.1039

-.1189

-.1304

-.1390

-.1469

m=2

Real

-i.530

-1.527

-1.521

-1,513

-i.503

-i•49i

-1.477
-1.461

-1.444

-1.426

-1.407

-1.387

-1.366

-1.345

-1.323
-1.302

-1.281
-1.260
-1.240

-1.220
-i. 201

-1.183
-i.i66

-i. 150

-i•i35
-i. 102

-1.075

-i.053

-i.036

-i. 022

-i. 010

-. 9995

-.9905
-.9825

-.9753

-.9635

-.9553

-.9503
-.9474

-.9459

-.9454

-•9460

-.9477

-.9502

-.9533

Imaginary

O• 02823

.05621

•08370

.1105

.1363

.1609

•1843
.2061

.2262

.2446

•2612

.2758

.2885

.2993

.3082

.3152
•3204

•3239

.3258

.3262

• 3253

.3232

•32OO

•3159

.311o

.2964

.2797

.2625

.2458

.2302

.2157

.2O24

•1899
.i780

.1665

.1441

.1228

. lO33

.08584

.o7oo2

.o554o

•04177

.02923

.01786

.007583

A

4

2

6



TABLE

O. 02000
.o4ooo

. o6ooo

. o8000

.iooo

.12oo

.1400

.16oo

.1800

.2 000

.2200

.2400

.26oo

.2800

.3ooo

.32OO

.3400

.3600

• 3800

.4000

.4200

.4400

.4600

.48oo

.5ooo

.55oo

.6ooo

.65oo

.7ooo

.75oo

.8ooo

.8500

.9ooo

.95oo

i. ooo

i. ioo

1.2oo

1.30o
1.40o

1. 500
i. 6oo

1. 700
1.800

i. 9o0
2.000

II.- GENERALIZED SINUSOIDAL FORCE AMPT,TTUDE;

FOR M=I. 2, A=4 (Cont 'd)

Real

-1.25o

-1.231
-1.201

-1.160

-1.ill

-1.o54

-.9912

-.9256

-.859o

-.7936

-.7317

-.6750

-.6255

-.5844

-.5529

-.5316

-.5209

-.5205

-.5301

-.5489

-.5756

-.6089

-.6474

-.6892

-.7329

-.8392

-.9249

-.9772

-.9942

-.9840

-.9612

-.9417

-.9384

-.9572

-.9969
-1.104

-1.18l

-1.196

-1.190
-1.220

-i.288

-l.353

-1.380

-1.380

-1.293

n=_)_ q=2 or n=2_ q=O; p=2

m=O m=l

Imagi: Real Imaginary

0. C6L_82

.12

• Y 3
.22 T
.26 T

.3C

.32 9

.32

• 32

.31

.28 3

.24

.2c

.14

.08TLI

.02410

-. 04064

-.IC

-.16

-.22 9

-.27

-. 32

-. 36

-. 39

-.41 3
-. 44 )9
-. 42 37

-. 38

-.34

-.31

-.32

-.34

-.38

-.4f

-.47

-.50
-. _7

-.43
-. 44

-. 48 3

-. 49:

-. 47

-. 43:
-. 41

-. 42,

-1.346

-1.340

-1.330
-1.316
-1.298
-1.278

-1.254
-1.229

-i. 202

-1.173
-i.144

-l.ii4

-i.o85

-i.o56

-1.028

-1.002

-.9778

-.9555

-.9355

-.9177

-.9023

-.8893
-.8786

-.87oi

-.8636

-.8549

-.8538

-.8568
-.8606

-.8632
-.8637
-.8624
-.8602

-.8583

-.8577

-.8624

-.8731
-.8845

-.8933

-.9OO8

-.9099

-.9215

-.9337
-.9447

-.9543

O. 03']i

.O% c6

.10:7

.1357

.16!1.6

.193c

.2ri4

.2387

.25_ 5

.27(17

.28i4

.2884

.29] 9

.2920

.289i

2832
2749

2644

2521
2384

2237
20_.4

192 )

1774

1622

Z27_

o9823

07602

059T5
r,i_ f041 _o

03767

02794

0i72B

005297

-. 007 TO5
-. O3358
-.05433

-. o6862

-. o79)11
-. 09168

-.1040

-. 1141

-.1221

-.1273

-. 132 0

63

m=2

Real Imaginary

-1.211

-1.208

-1.203
-1.196
-1.188

-i.178
-i.i66

-i.i53

-i.138

-i.123

-i. I07

-i.090

-i.073

-1.o55

-1.037
-1.020

-l. 002

-.9852

-.9687

-.9528

-.9376

-.9231

-.9O96

-.8969

-.8850

-.8593

-.8389

-.8228

-.8103
-.8oo4

-.7922

-.7852

-.7790

-.7733

-.7683

-.76Ol

-.7549

-.7521

-.7509

-.75o6

=.751i

-.7524

-.7545

-.7573

-.7604

0.02316

.o46o9

.0686i

.09049

.ii16

.13i6

.15o5

.16 8i

.1843

.1989

.2120

.2234

.2332

.2414

.2479

.2528

.2562

.2582

.2589

.2584

2567

2541

2507

2465

2417
2280

2130
1980

i837

i7o7

1589
1481

i38i

1286

.i194

.i0i4

.08426

.06869

.05486

.0424k

.03097

.02028

.01047

.001656

-.006253
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-1%_, ,
TABLE II.- GENERALIZED SINUSOIDAL FORCE AMPLITUDE, Q_(k) or Q_(w),

FOR M=I.2, A=4 (Cont'd)

n=i, q=l; p=O

m=0 m=l m=2
k

Re al Ima gin ary Re al ima ginary Re al __magi navy

O. 02 00 C
• C4 000

• 06@30
.080O0

•i000

•1200

• 140C,

.1600

.1800

•20C8:

.2200
<

•2_f0C
.260o

. ri'JL _

• 3000

• 380C

• 3400
• 36Co

.3800

• 4C.30

•420C
•4LqC

• 4i; ',]C
• 430C

• 50C0

• 558:0

• !:080

•(! 5CO

•70£0

•7500
• 8oo0

.8500

• 9C00

• 9500

i. 000
!. i08

!• 200

] .300
i. 400

!. 5O0
i.6oo

i. 8oo

1.p0o
2. ooo

-k.29_

-4.270
-4.23C

-4.175

-4. lO8

-4. o31

-3.945

-3.853

-3.758

-3.662

-3. 569

-3.479

- 3. 396

-3- 322

-3.2N7

- 3• 202

-3.159

-3.i28

%. los

- 3. 099

-3. lOO

-3. It9
-3.1"5

-_. 147

-3. 173

-3.243

-3. 304

-3. 341

-3. 349

-3.335

-3.311

-3.291

-3. 289

-3. 309

-3. 350

-3. 265

-3.554

-3. 587

-3. 602

-3.653

-3.745

-3.833

- 3. 885

-3.91i

-3.95o

o. lO21

.2o15

.2954

• 3811-
•4571

• 5209

.5711
• 6068

•6275

•6331
.6240

.6012

.5658

•5196

•_6_4

.4022

.3353

.2659

•1961

•1278

•O6283

• 002730
-. 05133

-. 0985i

-.1383

-.2056

-.2333

-.2369

-.2354

-.2452

-.2762

-.3296

-.3987

-.4717

-.5366

-.61o5

-.blc )
-.6166

-.6592

-.7279

-.7716

-.7683

-. 7464

-.7458

-.7702

-2.692

-P. 684

-c. c, i 1

-2.653

-2.631

-2.6o4

-2.57_
-2. _4C,

P 504

-2. 465

-_. ¢_o

-2. 385

-2. 342

-2.3o_
-2.264

-2. 226

-2. 189

-2.155

-2. 122

_p POP

-2. ,3:4:3

-2. 018

.1 cq9
-Z. 922

-_. 9%_

-1. 926

-1.9_o
09 C

-1.887
q _ f

-i. o _c

-1.865

-i.855

-1. 845

-1.838
-1.833

-1. 836

-1. 842
-!. 848

854

-1.863

-1. 875

-1.889

-1.902

-1. 915

0. 03250

• 06465

• 09612

• 1266

.1558

.1834

• 2092

•2330

.2546

.274o

.291o

.3056

• 3178

.3276

.3355

• 34io

• 3446

• 3464

• 3465

• 3_52

• 3_c,

.339o

.334_

• 3291

• 3231

• 3065

.2884

2o_0

.2503

.238:3

.2C95

•1876

.1650

.1420

•119_

.07747

.04211

.01215

-. 0i551

-. 04253

-. 06797

-. 09005
-. 1o84

-. 1241

-.i388

-1. 994

-1. 990

-1. 984

-i. 976
fN_

-1.9c s

-!. 952

-1. 937

-I. 921

-1. 902

-:.883
-1. 862

-!. 840

-1.817
-1.794
-1. 771

-1.748

-i. 701

-i. 679

-1.657

-1.635

-1.615

-i. 595

-i. 576

-1. 558

-1.518
-1.484

-i.455

-1.431

-i. 411

-1.394

-1.378

-i. 364

-1.352

-i. 341

-1. 322
-!. 308

-I. 298

-i. 292
-i. 287
-i. 284

-i. 282

-1. 282
-1. 284

-1• 286

0. 01263

• 02533

• 03818

• 05124

._456

• 07819

• 09214
•1064

.1210

.1359

.1510
f

•lo62

.18_6

•1968

• 212o

.2268

.2412

.255A

._ouj

•288;7

•2921

•3025

.3118

.3199

•3267

• 3381

• 3415

•3378

•3283

•3147

•2989

•2823

•2661

.2510

•2371
•2123

• 1891

.i657

.i425

.1210

.1020

.08484

• 06862

• 05309

• 03862
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TABLE !!.-

k

O. ('2 :i

.i<

•£6(

._8080

.1300

.12 CS

•1400

•1610

•19100

•2000

• 2200

• 24]C

• 2682

•2_0C

• 3000

• 328:£}

• 3480

• 36 O0

.36C0
•4800

•4200

•4400

• 46 C0

. +C,t%

• 50C0

• 55CC,
• 60 CiO

/ ....
• cb -_

.7000
• 7508
• 8!313

.85o0

•900,0

.9500
!. o£8

i. 1co

!.2oo

1.3o0
1.4oc

1.5oo

1.630

1. 700
1.800

L. 9oo
2. OCO

GENERALIZED SINUSOIDAL FORCE AMPLITUDE

FOR M=I.2, A=4 (Cont'd)

65

Real

-i. (<02

-1. 565
-1. i

-1,522
-I. 178

-1. 427

-i. 171

-1. i_13

-1. 254

-I. 197

-L.143

-!. ,£9_

-i. "52
-!. i11_

-. 9923

-. !1764

-. }782

-. !17.3,5
-. _859

-1, oo7

<. c35
-i. C68

-1. ICy

-L. L48

-1.191
-s. _-91

-1. 2 r _-'

-i. 430

-1.451
-1.448

-i. 434

-i. 426

-1.434

-i. 463

-i. 512

-!.d32

-1.719

-1.745

-1.75'.
-i. 60,,3

-1.E82

-1.959

-1.996

-2. {i,3'9

-2. c35

] ;L: ':[

n=l q:i; p=l

x-=l m=2

Re 4'.iRe alIr:sg:"]:ary

,<. 05 5 7

(:) ,04
,_if-

-! 7
21; 4

23;_1
2_ 9
2;¢ 0

2 y 2
21i $

119{:2

"_ :47
•04, <01

•o_ 3<

•07 i'84
•14 6

.2048

26 8

•32:9
37_8

_ '6

.4'5)3

•49 F

•51C

5<5

-. 50'5
-.4779

46 ;4

-. 4'# 2
-. 50 !S
-.55_i4

61 0

-.65:!6

-.68 _9

-. 65 3
6211

-.6y'4
6 3 6

-.69 _2

67 _4

-.63 !1

-.6174

-1.695

-1. 689

-1. 679

-1.665
tr i !D-1. S_<J

-i.628

-1. _

-1. 581}

-L. 552
-L.524

-1.495
-1.465

-z. %36

-1. +07

-l. 379

-1.352

-i. 327

-i. 304

-1. 283
-1.26s,

-1. 248

-1.232
-1. 221

-1. 211

-1.203

-L. 19o
-1.184
-1.1_3

-_. 182
-1.182

-!. 180

-1. 176

-!. 172

-i. 169

-1.168

-z. 172

-1. 182

-1. 193
-1. 202

-i. 210

-i. 221

-1.234
-i. 248

-1. 260

-1. 272

lrr:a si:: :k%r

O. :16 111

. :i 51 _i},

•-r[ _ 13
.i!

] "3 2 :

• 144 !

•179 ]!

o 4

.2i61

._15 5

._22

.2271

•229 !

.227

•224 1

.21_;

.212

.2%

.1_64

.127[

• 17E9
• 169 t

I G:S %
• ±PN

.157

.117_
- _m 7• -_%tl

.086 <

. C72 )S

.068)0

•346_4

.03! }3,

.o16 _L
•OOC _,180

-. 12S_9

-. 052_d
-. ,o7c:,,_3
-. <06,

-.103)

-.132'_

-. 1427

-.15c'T
-. 158 L

-1.464

-1. 161

-1.456

-1.449

-i. 44c

-!. 433
-L. 41_

-1. %(u4

-i. 390

-1. 374

-L. 357
-1. }40

-1. 322

-!. 303

-1.285
-1. 266

-1.248

-1.230

-1. 213
-1. 196

-i. 179

-i. 164

-!. 149

-1.135
-L. 122

-1.093
-1. o69

-I. 050

-1. 034

-i. 021

-!. C!0

-!, OOO

-. 9918

-. 984o

-. 9771

-.9658

-.9579

-.9531

-. 9502
-. 9487

-. 9182

-.9488

-.9505

-.953£

i -. 9560
I

I_<mgingry

,:. CllC8

•8236'8

•L723

• _ ._9 C6
• C7387

• C$267

• 09A41

.1_61

.1176

•1298
•14C2

•1511

•1616

•1717
.1814

• 19,o5
• 199C
• 2068

.2138

• 2201

.2256

•2302

•2339

.2368

.240C

.2382

.2320

.2224

•2107

• 1980
• 1851

• 1727
.z6zz
.1504

.1311

.11 30

•09519

•07799

.O6223
• 0£824

•03559

.02375

•01257
•002266
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TABLE
!I.- GENERALIZED SINUSOIDAL FORCE AMPLITUDE, Q_(k) or ,,.._q(_)'

FOR M=I. 2, A=4 (Cont' d)

n=l q=l, p=2

m:0 m:l m:2
k

_ _a_na_" Real Imagina_" Real Lma_n<v"

O. 02000

.o6oo0

.oSooo

.1000

.1200

.14oo

.26oo

.i8oo

.2000

.2200

.2600

.2800

.3ooo

.3200

.3400

.36oo

.3800

.4000

.4200

.44oo

.4600

.48oo

.5ooo

.55oo

.60oo

.65oo

.7ooo

.75oo

.8ooo

.85o0

.9ooo

.9500

i. ooo

i. ioo

1.2oo

1.3o0
1.4oo

1.5oo
1.6o0
1. 700
i. 800

1.9oo
2.000

-0.9035

-.8912
-.87i2
-.8444

-.8118

-.7749

-.7350

-.6939

-.6531
-.61_4

-.5793

-.5492

-.5252

-.5o83
-.4992

-.4952

-.5c52
-.5201

-.5423

-.5708
-.6046

-.6425

-.6832

-.7252
-.7672

-.8637

-.9358
-.9755
-.9841

-.9714

-.9516

-.9389

-.9437

-.9697

1.014

1.121

1.191
I. 201

1.198
1.233

1.303

1.366

1.390

1.391

1.4o6

o.o3o71

.o5973

.o8544

.lO64

.1212

.1289

.1288

.1204

.1036

.07871

.04622

.007014

-.03780

-.08691

-.1388

-.192m

-.245o

-.2961

-.3440

-.3874

-.4254

-.4570
-.4818
-.4996

-.51o5
-._o99

-.4798

-. 4373

-. 3999

-.381o

-.3868

-.4151
-.4572

-.5OLO
-.5349

-.5481
-.5o43
-.4676

-.4794

-.5170

-.5292
-.4985
-.4562

-.4402

-.4507

-1.228

-!.223

-1.215
-1.2o4
-l.19o
-i. 174

-1.156
-1.135
-1.ii4
-z.c'91
-1.o68

-1.o_5

-Z.023

-i.000

-.9793
-.9594

-.9410

-.9244

-.9095

-.8966

-.8856
-.8766

-.8693

-.8638

-.8598

-.8556

-.8568

-.86o5

-.8641

-.8662

-.8662

-.8648

-.8628

-.861S
-. 8613

-. 8671

-.8780

-.8891
-.8976

-.9o51

-.9144

-.9260

-.9382

-.9490

-.9586

o. o2o7o

.o4z05

.06o71

.o7936

.o9672

.1125

.1265

.1386

.1485

.i_63

.162o

.i654

.z668

.1662

.1637

-1.155

-z. 152
148

-i. 142

-1.135
-i. _2o

-m.zi6
-1.1o5
-i. 092

-z. 079

-1.o65
-i.o51
-i. 036
-1. 021

-1. O05

.1596

.1541

.1474

.1398

.1314

.1225

.1134

.1042

.09514

.08637

.O6647

.05022

.o3764

.o2786

.01958

.Oli46

.002513

-.007703

-.01906

-.03101

-.o5359

-.07089

-.08304

-.09349

-.1o48
-.1162

-.1256

-.Z321
-.1367

-.14ii

-.9903

-.9753

-.9607

-.9466

-.9329

-.9199

-.9075

-.8958

-.8849

-.8748

-.8526
-.8348

-.8207

-.8C96

-.8oo5

-.7929
-.7862

-.7802

-.77_8
-.7699

-.7621

-.7571

-.7544

-.7532

-.7530

-.7534

-.7547

-.7568

-.7596

-.7626

0.01040

.02077

.03111

.04137

.05155

.06161

.o7153

.08126

.09079

.lCOl

.1090

.1177

.126o

.i338

.1412

.1481

.1544

.1602

.1653

.1698

.1737

.1769

.1794

.1812

.1824

.1825

.1790
.1726

.16k!

.1543

.1439

.1336

.1238

.i145

.1o6o

.09043

.07564

.06165

.04812

.0358i

.02487

.01496

.005733

-.002905

-.01080

A

4

2

6



TABLE II.- GENERALIZED SiNUSOIDAL FORCE AMPLITWDE, Q_(k) or

FOR H=l.2, A=4 (Cont d)

n=2, q=2 or n=2, q=l; p=O

m=O m=i m=2
k

Real Imaginsry Real Imagina_'y Real Imaginary

0.0200C
o4ooo

o60oo
o800o

i000

1200

24cc
1600

1800

2000
2200
2400

2600
2800

3ooo

3200

3400

3600

3800
4000

4200

4400

4600

4800

5000

.55oo

.6ooo

.65oo

.7ooo

.75oo

.8000

.85oo

.9ooo

.95oo
i.ooo

i.ioo

1.2oo

1.3oo
1.400

i. 5OO

2.600

i. 7oo
1.8oo

1.9oo
2.000

-5.560

-5 532

-5 487

-5 425

-5 350

-5 263

-5 167

-5 o65

-4.960

-4.855

-4.753

-4.657

-4.570

-4.493
-4.428

-4.376

-4.338

-4.313

-4.302

-4.304

-4.317

-4. 339

-4.370
-4.4o6

-4.445

-4.547

-4.633

-4.686

-4.702

-4.691

-4.671

-4.659

-4.672

-4.714

-4.783

-4.955

-5.087

-5.144

-5.283

-5.274

-5.415

-5.548

-5.630

-5.679

-5.749

0. lo29

202'/
2958

379 V

¢517

,09_,

552:

577 (I

5858

5767

5509

509[

.454_

.387(_

.3102

.22611

.138(_

.04777

-. 041/2

-.1282

-.2O9(
-.2843

-. 3509
-. 40&

-.457(,

-. 538_

-. 572:

-. 5798

-. 585()

-.6076

-. 658(;

-. 737[;

-. 834!

-.9338

-i. 020

-1. 116
-i. 126

-1. 134

-I. 200

-i. 296

-1. B53
-i. 347

-i. 319

-i. 322

-i. 357

-3.657

-3.647

-3.632

-3.61o

-3.582

-3.550

-3.513

-3.472

-3.428

-3.382

-3.334

-3.285

-3.236

-3.188

-3.141

-3.095

-3. 051

-3.010

-2.972
-2.937

-2.905

-2.876

-2.85o
-2.828

-2.8o8

-2.772

-2.746

-2,729

-2.716

-2.704

-2.692

-2.679

-2.668

-2.658
-2.652

-2.650

-2.659

-2.672

-2.684

-2.697

-2.713
-2.734

-2.757

-2.779
-2.801

O. O6O68

2205

2788

2346

2873

3363

38O9
4208

4556

4850
5089

5274

5404

5482

551o

.5493

5434

5338

521o

5056

4881

4690

4487

4279
4o68

3555

3089

2687

2346

2049

1774

m50m
1218

0920O
o6,135

001582

-. 04994

-. 09185
-. 1287
-.1648

-.2001

-.2314

-.2571

-.2786

-.2983

-2.772

-2.766

-2.758

-2.747

-2.734

-2.718

-2.699

-2.678

-2.655

-2.630

-2.604

-2.576

-2.548

-2.519

-2. 489

-2. 460

-2.43o
-2. 401

-2. 373

-2. 345

-2.318

-2.292
-2.267

-2.244

-2.221

-2.271
-2.128

-2. 092
-2. 061

-2.035

-2. o13

-i. 993

-1.976

-i. 960

-1.946

-1.922

-1.905
-1.894

-1.886
-1.881

-1.878

-1.878
-1.88o

-1.883

-1.887

0.03964

.07895

.1276

.1554

.1919

.2268

.2601

.2913

.3204

.3472

.3716

.3935

.4128

.4295

.4438

.4555

.4648

.4718

.4767

.4795

.48C5

.4798

.4776

.4740

.4693

.4537

.4344

.4134

.3920

.3711

.3510

.3316

.3127

.2942

.2759

.2397

.2047

.1719

.2418

.2140

.08786

.06331

.04049

.01953

.0003002
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TABLE

O. 02000
.0400o
.o6000
•08000
.I000

•1200

.1400

•1600

.1800

.2000

.2200

.2400

•2600

.28oo
•3000

.32OO

.3400

•3600

•38oo
•4ooo
.4200

•4400

•4600
.4800

.500o

.55oo
•6000
.65oo
.7ooo
.75oo
.8000
•850o
.9ooo
•95oo

i. 000

i. i00

1.200

i. 3OO
i. 400

i. 5OO
1. 600

i.7oo
1.8o0
i. 900
2• 000

I!.- GENERALIZED S!fYUS01DAL FORCE AMPLITUDE,

FOR M=I.2, A=4 (Cont'd)

n=l, q=2 or n=2, q=l; p=l

Heal

-i. 902
-1.884
-1.855
-i. 816

-I. 768

-i. 713

-1.654
-i. 592

-1.531

-l. 473

-1.419

-i. 372

-i. 333

-i. 305
-i. 287

-1.281
-1. 287
-1. 303

-1.331
-1. 367
-i. 412

-i. 463

-1.519
-i.578
-1.637

-i. 777

-1. 887

-i. 957

-I. 986

-1.988
-1. 979

-i. 980

-2.004
-2.o55
-2.131

-2.305
-2. 427

-2. 472

-2.5o0
-2. 577

-2.7O2
-2.814
-2. 872

-2.9o0
-2.948

m=O

Imaginary

O. 04221

•08198
•1170

.1451

.1644

•1735

•1712

•1568
.1302

.09169

.04195

-. 01783

-. 08612

-. 1611
-. 2408

-. 3229
-.4054

-.4860

-. 5627

-.6338

-.6977

-.7533

-. 7997

-.8365

-. 8638

-.8935

-. 881o
-.8485
-.8196
-. 8126
-. 8360

-. 8877

-.9562

-i. 026

-1. o81
-1.117
-1. 076
-1. 042

-1.o71
-i. i31

-i. 153

-i. 115

-1.062
-I. 044

-1.059

Real

-2. 272
-2.265
-2. 252
-2. 236

-2. 215
-2. 191
-2.164

-2. i33

-2. lOi

-2. 067

-2. 032

-i. 997

-i. 963

-i. 929

-1.896

-i. 865

-i. 836

-i.809
-I. 785

-i. 764

-i. 746

-i. 730

-1.717

-i. 706

-i. 698

-1.686
-1.682

-i. 683

-i.685
-i.686
-1.685
-i. 683

-i.680
-i. 678

-i. 679

-1.689

-1.7o7
-1. 725

-i. 741

-i. 756

-i. 774

-1.795

-i. 8i7

-i.838
-i.857

m=l

Imaginary

o.o4o86
.o8io6

.1200

.1569

.1919

.2229

.2509

.2751

.2954

.3i14

•323i
•3306

.3340

.3334

.3291

•3215

.3110

.2979

,2827
.2658
.2478

•2291
.21 O0

.i9o9

.1722

,1286

.09170

.06204

.03863

•01939

.001948

-.01566

-.03461

-.05512

-.o766o
-.1183

-.1523

-.1778

-.1996
-.2218
-.2440

-.2631

-.2774

-.2883

-.2984

or -Pq

m=2

Re al Imagi nary

-2. 024
-2. 020

-2. 014

-2. 005

-1.994
-i. 98i

-i.966
-i.949
-i. 931

-i. 911

-i.89o
-i.868
-i. 846

-1. 823
-i.8oo
-1. 776

-i.754
-i. 731

-i.7o9
-i.688
-i. 668

-i. 648

-i.630
-I. 613

-i.596
-i.560
-i. 531

-1.507

-i. 487

-i. 471

-i. 457

-i. 445

-i. 434

-i. 425

-i. 416

-1. 403

-1.394

-i. 388

-i.386
-i.385
-i. 386

-i. 388
-i. 392

-1.397
-i. 402

0.03034
.o6040
.o8993

.i187

.i464

.1728

.1978

.2211

.2426

.2623

.2799

.2954

•3088
.3202

.3295

.3367

.3421

.3456

.3473

.3476

.3463

.3438

.3402

.3356

.3302

.3i40

.2957

.2768

.2584

.2410

.2247

.2092

.1944

.18oo

.1658

.1378

.11o9

.o86o8

.o6356

.o4293

•02366

.oo561o

-.01105

-.026i9

-.o3993



TABLE II.- GENERALIZED SINUS01DAL FORCE AMPLITUDE

FOR M=I. 2, A=4 (Cont 'd)

n:l_ q=2 or n=2, q=l; p:2

m=0 m:l
k

Real Imaginsry Real Imagina_

0.02000
•O4OOO

.o6ooo
•08000

.IOOO

.12oo
•14oo
•16oo

.18oo

•2000
.2200
•2400
•2600
.28oo

•3ooo
•320o
.3400
.3600
•3800
• 4000
•4200
•4400
.4600
•48o0

•5ooo
•55oo
•6ooo

.65oo

•7ooo
•7500
.8000
.85 oo
• 9ooo
•9500

i.oo0

i.i00
i.200

i.3OO
i.400

i.5oo
i. 600

1.7oo
1• 800

i.9oo
2.ooo

-0. 01016

-.o10o3
-. 9816
-.9532
-. 919o
-. 88o6
-.8396
-.7979
-.7576

-.7204
-. 6882
-. 6625
-. 6446
-.6355
-.6359
-. 6460
-.6657
-. 6944
-. 7315
-.7756
-. 8255
-.8796
-.9360

-.9933
-i.o5o
-I.176
-i.269
-i.320

-i.332
-i.319
-i. 3Ol

-i.294

-i.312
-i.357
-i.424

-i.577
-i. 673

-i.694

-i.701
-i.762
-i.867

-1.958

-i.995
-2.004
-2.o35

o.02116
• I]40_ 9

•o55_16

•(}69(0

.06469
•o5o!:4
.o2735

-.004910
(, f-. ;46Co

-.095!6

-.1517
-. 2137
-.2797
-.348c
-.4167
-.4839

-.5479
-.6071
-.C599

-. i'o53
-.7424
-.7709
-. 7904
-. 8014

-.7953
-.7555

-.7039
-.6622
-.6464

-.6625
-.'[062
-.7652
-.8236
-.8666
-.879.1
-.Ssmo

-.7783
-.8005
-.85i9

-.8647
-.8205
-. ,,644
-.%54
-.7600

-i.633
-i.627
-i.618
-i.604

-1. 588

-1.569
-1.547

-1. 523
-I.498
-i.471
-I.444
-i.417

-i.391
-i.365

-l. 341
-i.318
-l. 298

-i.279
-i.263
-1.248
-1. 237
-i.227
-1.220

-i.215
-i.212
-i.210

-1.215
-i.222

-1.229
-1. 233
-1.234

-1.234

-i.233
-l.233
-1.236
-i.248
-1. 266
-i. 284
-1.298
-1.3il
-1. 327
-i.346
-i.365

-1. 382
-i.398

o. o3o3_
• 06014
. o888_

.1159

.14o9

.1635
• 1831
•1997
•2129

• 2227
.2291
.2319

.2315
•2280

• 2215
.2125
.2013
• 1882

• 1737
•158o

•1417
.1251
•1086

• 0923]
• 07667
•04146
• 01317

-. 008Z] )
-.0238C

-.03606
-.04722

-.o591c
-.07269
-.08805
-.1o45

-. 1362
-.1609

-.1779
-.1923
-.2078
-. 2238
-. 237l
-.2461

-. 2524
-.2583

69

m=2

Real

-L.591
-i.588
-i.583
-i.575
-1.566

-1.555
-1.543

-1.529
-i.513
-Z.497

-1. 479
-i.461
-i.443
-l.424

-i. 405
-1. 386
-1.368
-i.350

-i. 332
-z.3i5
-1.299
-i.284
-l.269

-i. 256
-i.243
-i.216

-i.194
-i.177
-i.163

-i.152
-i.143

-1.135
-i.127
-i.121

-I.115
-i.io6
-i.iol

-i.o98

-i.098
-i.099
-i.lOi
-i. 104

-1.1o8

-i.ii3
-i.118

limaginary

O.02449
.04874

•07253
•09564

•1179
•1390
.1589

•1773
•1943

•2096
•2232
.2350
.2450

2533

2599
2647
2680

2697

2701
2691
2671
2639
2600
2552

.2499

.2347

.2i83
•2019
•1863
•1718
•/585
.146!

.1343
•z228

.1114

•08883
.06721
.04742

.02967

•O135O
-. 001603
-.C;1574
-. 02873
-.04043
-.C>5097



7o

TABLE

FOR H:l.2, A=4 (eont'd)

n=2, q=2, p=O

m=0 m=l m=2
k

Real Imaginary Real Imaginary Real Imaginary

-7.5560.02000
•04000

•05000
•o8ooo
•i000
•1200
.1400

•16 oo
.18oo
•2000

.22 oo
•24o0
.2600
•2800

• 3000
•3200
•34oo
•3600

•3800
• 4000
• 420o
•44o0
• 46 oo
• 4800

•5000
•55oo
•6000

f
.o500
•7000
.7500
•8000

•8500
•9000

.95oo
1.ooo

I.ioo
i.200
1.3oo
i.400

i.5oo
i.600
i.70o
I.8oo

1.9oo
2.O00

-7.513
-7.462

-7.393
-7.3i0
-7.213
-% I08

-6.997
-6.884
-6.773
-6.667

-6.569
-6.483
-6.410

-6-353
-6.3i2
-6.288
-6.282

-6. 291
-6.315
-6.35i
-6.399
-6.455
-6.516

-6.581
-6.739
-6. 869
-6.952
-6.987

-6.991
-6.986
-6.998
-7.044

-7.130

-7.251
-7.528

-7.736
-7.843

-7.935
-8.102

-8.336
-8.549

-8.687
-8.785
-8.9i5

O.09096

•1771
•2561
.3241

.3782
•4158
•4350

•4347
•4144
•3743

•3152
• 2388
•1471

.04270
-.07144

-.1922
-.3163

-.4407
-.5621
-.678i
-. 786i
-.8843

-•9712
-i.046

-i.io9
-i.215
-i•264
-i.284

-I•3o8

-1.358
-i.447

-1.572
-i.716
-i.858
-i.978

-2.io9
-2.128

-2.156
-2.264

-2.4O5
-2.483

-2.472
-2.436
-2.447

-2. 499

-5.255
-5.237
-5.2i7

-5.190
-5.157
-5.ii6

-5.071
-5.o21
-4.967
-4•9i0
-4.851

-4.792
-4.732

-4.673
-4.616

-4. 560
-4.508

-4.459
-4.414
-4.372

-4.335
-4.3oi
-4.272
-4.246

-4.225
-4.184

-4.158
-4.14i

-4.i29
-4.I17

-4.io5
-4.o92
-4.o81
-4•074
-4.070
-4. 078
-4.10i

-4.i27
-4.i52
-4.178
-4.210

-4.249
-4.289
-4. 328
-4. 366

o.07152
•1416

•2098

•275o
•3363
•3929
•4441

•4893
•5281
•5602
•5855

•6039
•6156
•6208
•6200

•6136
•6o21

•586i
•5664

.5435
•5i82
•49ii
•4628

•4339
•4049
.3348
•2714
•2164

•1690
•1268
• o8683
• 04661
•004684

-.03914
-.08398

-.1707
-.2454
-.3069

-.3619
-.4161
-.4686

-.5i49

-.5530
-.5852
-.6i48

-4.o85
-4.075

-4.065
-4.o51
-4.033
-4.o12

-3.987

-3.960
-3.930
-3.897
-3.863

-3. 827
-3.790

-3.753
-3.714
-3.676
-3. 638
-3.600
-3.563

-3.527
-3.492
-3.458
-3.426

-3.395
-3-366
-3.301
-3.245

-3.198
-3.158
-3.124
-3.095
-3. o69
-3.046
-3.o25
-3.o07

-2.977
-2.956
-2.942
-2. 934
-2.93o

-2.929
-2.932
-2.937
-2.945
-2.954

o. o5io5
• 1015
• 15ii
• 1996
•2464
• 2912
•3338
• 3738
•41o9
•4451
•4760

•5037
• 5281
•5491
•5668
• 5813
•5926
•6OlO

.6o65
•6094

•6099
•6083
•6046

•5993
• 5925
•5704
•5436

•5146
•4851
•4560

• 4279
.4005

•3737
•3472
• 3208
• 2683
•2176
•1698

• i257
• O8465
•04596

•009517
-.02441

-.05565

-.o8437

A

4

2

6



TABLE Ii.- GENERALIZED SINUSO!DAL FORCE AMPLI__/DE, _q(k)

FOR M=I.2, A=4 (Cont'd)

n=2_ q=2; p=l

71

D

m=O m=l m=2
k

Real ImagL y Real Imagin _ry Real Imlaginary

-2.300
-2.276
-2.244

-2.203
-2.153
-2. 097

-2.C37
-i.976

-1.917
-l. 863
-1.815

-i.777
-1.751

-i.737
-i.737
-i.752
-1.780
-1• 823
-i•877
-i.943

-2. 017
-2. o98
-2.183
-2.270

-2.356
-2.556
-2.711
-2.8ll
-2.859
-2.874
-2.88z

-2•9o5
-2.962

O•01 _
.03
• O:a
• 04 _

• 04J

• 02:
-.00<
-. O5
-. 11

-. 18
-. 27_
-. 36!
-. 461

-. 57_
-. 69:
-. 80'

-. 9Ll
-1. o2"
-i.12(
-1.22:

-]• 3o_
-1.371
-1.43_
-]. 48_
-]. 5l
-1.55(
-l. 53_
-1.5O
-I.47_
-i.48_
-i.53_
-].6]A

-;. 72:

3
T
5

3
55

9

3

-3•213

-3.200
-3.Z85
-3.165

-3.140
-3.ZlZ

-3.077
-3.04Z

-3.002
-2. 961

-2. 920
-2. 878
-2. 837
-2.797
-2.758

-2. 722
-2. 689
-2.659
-2.632
-2• 607
-2.589
-2.572

-2• 559
-2.549
-2. 542

-2.533
-2.535
-2.542

-2.55o
-2. 555
-2.557
-2.558

-2.559

o.02000
•o4ooo

•o6000
• o8ooo
.lOOO
•1200
•14oo
.1600

•:]8oo

.2000
•2200
•2400
•2600
• 2800
•3000
.3200
•3400

•3600
.3800
.4000
•4200

•4400
• 4600
•4800

•5000
.55oo
• 6000
.65oo

•7ooo
•7500
.8000
•85oo

•9ooo
•95oo

i.ooo
i.ioo
i.200

1.300
z.400

1.500
l. 600
i.700
1.8oo
i. 900

2.000

O.045 _9
• 09068
• 134
•175
•213 L
•247

•277 -)
• 302_
•3222
.337f
• 3474
•352
• 35] i
316
336,
322_

3o5
285'_
263-
238/I

2131!
z86
16o

134;!
lO8V

049_i2
-. oo0 845
-.04086

-.073!;1
-.lO11!
-. 1271
-.153_:,
-. 1821 >

-2. 967
-2.959
-2. 951
-2. 940
-2. 926
-2. 909
-2. 889
-2.867
-2. 843

-2.8:8
-2.791
-2. 762
-2.733
-2.704
-2.674

-2.645
-2.615
-2. 586
-2. 558

-2.53l
-2.5o5
-2.480
-2.457
-2.435
-2.414

-2. 368
-2. 330
-2.300
-2. 275
-2.254
-2.237
-2.222
-2.2o8

-3.057
-3.131

-3.449
-3.636
-3.716

-3.783
-3.924
-4.126

-4.3o1
-4.399
-4.456

-4.549

-:.81c
-1.89_
-1.93_:
-1.88:

-Z. 84c
-i.90_
-1.98_
-2. C1:

-i.95i
-l. 881
-I, 862
-l.88_

-2.561
-2.567

-2.59o
-2.623

-2.656
-2.685

-2.713
-2.746
-2.783
-2.82l
-2.856
-2.889

-.212"'
-.2441

-.304!_

-.354]
-.391!
-.424_i

-.4581
-. 491'
-.5197
-.54o_

-.5571;
-.572(

-2.196
-2.185

-2.169
-2.159

-2.155
-2.154

-2.156

-2.159
-2.165
-2.173
-2.183
-2.193

o.o385o

•07649

•1139
•15o2
.1852
•2185

•2499

•2792
.3062
• 3307
.3525

•3717
•3882
.4o19

•4130
•4214

•4274

.4310
•4324

•4318
•4294
•4253

•4198
•4130
• 4052
•3825
•3571

• 3310
.3056
•2813
•2584

•2366

•2155
•1948
•1743

•1336
•09454
•05831

• 02528
-.005183

-.03376
-.06057
-.08535

-.lO79
-.1284
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TABLE TX.- GENERALIZED SiNUSOIDAL FORCE AMPT,TTUDE_

FOR M=I.2, A=4 (Concluded)

n=23 q=2; p=2

m=O m=l m=2
k

Real Imaginary Real Imaginary Real Imaginary

-1.130

-i.i13
-m.o92
-i.063
-i. o3o

-. 9922

-.9533

-. 9152

-. 88o!

-.85oo

-. 8271
-. 8131
-. 8o93

-. 8168

-. 8361
-. 8674

-.9101

-0. OO1026

-.004691

-.01246

-.02638
-.o48o8
-.o7879

-.1193

-.17oo

-.2308

-.3Oll
-.3797

-.4653

-.556o

-.6499

-.7447

-.8381
-.9279

-2.288

-2.278
-2.266
-2.251
-2.231
-2.208
-2.182

-2.154

-2. 123
-2. 092
-2. o61
-2.029
-1.998

-1.969

-1.941

-1.916

-1.893

O. O33O1
.06512

.09598

.1248

.1512

.1744

.1941

.2100

.2219

.2295

.2329

.2322

.2274

.2189

.2070

.1921

.1747

-2.324
-2.318
-2.311

-2.301
-2.289

-2.275
-2.259
-2.241

-2.221
-2.200

-2.178

-2.155
-2.131

-2.107

-2.083

-2.059

-2.035

-.9636
-1.026

-1.097

-1.174

-1.255
-1.337

-1.419

-1.498

-1.673

-l.798

-1.867
-1.888

-1.881

-1.871
-1.882
-1.927
-2.oo8
-2.117

-2.348

-2.491

-2.532
-2.565
-2.676

-2.845
-2.984

-3.046

-3.073

-3.137

-1.o12

-1.o88
-1.156

-1.213
-1.258
-1.292

-1.315
-1.326

-i. 314

-i. 263

-z.2o3
-1.161

-1.156

-i.193
-1.264

-i.352
-1.433

-1.490

-1.499

-1.420

-1.372
-1.414

-i.488

-i.5oo
-1.432

-1.355

-1.332

-1.354

-1.873

-1.855

-1. 841

-i. 829

-i. 821

-i.8i5
-l. 812

-l. 81i

-l. 816

-1.827
-1. 841

-i. 853

-i. 862
-i.868
-i. 871

-i. 873

-i. 878
-i. 885

-i. 9o9

-i. 941

-i. 972

-1. 998

-2. o23
-2. o51

-2. 083

-2.1!6
-2.146

-2.173

.i551

.1339

.1117

.o8881

.06578

.04302

.02089

-.OO03030

-.04767

-.08566
-.1146

-.1365

-.1545

-.1716

-.1900

-.2io8
-.2339

-.2583

-.3043

-.3399

-.3652

-.3872

-.4109

-.4348

-.4543

-.4677

-.4773

-.4864

-2. 012

-I. 990

-i. 968

-i. 948

-i. 929

-1.910

-i. 893

-1.878

-1. 844

-z.816
-1.795

-i. 778

-i. 764

-i. 753

-1.743

-i. 734

-i. 726

-I. 719

-i. 709

-i.7o4
-i. 703

-i. 705

-i. 708

-i. 713

-i. 720
-1.728
-i. 738

-i. 747

0.02000

.04000

.o6000

.o8ooo

.i000

.1200

.14oo

.16oo

.18oo

.2000

.220O

.24oo

.2600

.28oo

.3000

.3200

.34oo

.3600

.38oo

.4ooo

.42oo

.4400

.4600

.48oo

.5ooo

.55oo

.6ooo

.65oo

.7ooo

.75oo

.8ooo

.85oo

.9ooo

.95oo
i. ooo

i.ioo

1.2oo

1.3oo
i.4oo

1.500

1.600

1.700

i.8oo
i.9oo
2.000

0.03075

.06107

.09084

.1197

.1475

.1738

.1985

.2214

.2423

.2611

.2776

.29i9

.3039

.3137

.3212

.3265

.3298

.3311

.3307

.3286

.3251

.3202

.3143

.3075

.2999

.2786

.2558

.2332

.2116

.19i6

.i729

.1553

.1384

.1218

.lO53

.07253

.04109

.01222

-.01384

-.03774
-.06016

-.08117

-.lOO5

-.i179

-.i337

A

4

2

6
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